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PREFACE 

The  developmental  history  of  this  book  has  been  somewhat 
complicated.  The  first  German  edition  appeared  in  1882,  under 
the  title  oi  Lehrhuck  der  vergleich^nde  AncUoniie  der  Wirhtltieret 
and  a  second  edition  followed  in  1886.  In  1884,  a  short 
Grundriss  was  published,  which,  after  passing  through  four 
editions  and  gradually  increasing  in  size,  replaced  the  Lehrbuch 
under  the  title  of  Vergleichende  Anatomie  der  Wirheltiere,  in  1902. 
A  further  edition  appeared  in  1906,  and  this  was  followed  by  a 
shorter  Mnfiihrung  in  1907  :  the  latter  was  written  to  meet  the 
requirements  of  beginners,  and  it  contains  no  bibliography. 

The  first  and  second  English  editions  (1886  and  1897)  were 
based  respectively  on  the  first  and  third  editions  of  the  Grrundriss, 
and  considerable  modifications  in  detail  were  introduced.  The 
present  (third)  edition,  which  has  been  almost  entirely  re-written, 
was  prepared  from  the  German  editions  of  1906  and  1907,  and  I 
am  much  indebted  to  Professor  Wiedersheim  for  allowing  me  to 
make  such  alterations  as  seemed  desirable  in  the  interests  of 
English  students,  and  for  the  pleasure  of  his  collaboration  last 
summer,  when  I  had  the  advantage  of  discussing  various  points 
with  him  personally. 

The  general  plan  of  the  original  has  been  retained  throughout, 
but  I  found  it  advisable  to  extend  some  portions  and  to  abridge 
others,  besides  making  various  minor  modifications. 

After  re-editing  by  Professor  Wiedersheim,  the  bibliography 
given  in  the  German  original  is  inserted  entire,  except  that  the 
titles  and  references  have  been  abbreviated  and  slight  rearrange- 
ments made  in  order  to  save  space :  I  have  also  ventured  to 
introduce  a  few  additions.     Though  rather  extensive  for  a  work  of 
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the  kind,  the  list  must  not  be  regarded  as  anything  approaching  a 
complete  one  of  the  more  important  papers  relating  to  Vertebrate 
Comparative  Anatomy ;  but  I  trust  that  such  a  Ust  of  references 
in  an  easily  accessible  form  will  be  found  useful  to  advanced 
students. 

My  thanks  are  due  to  Mr.  T.  H.  Burlend,  Demonstrator  and 
Assistant  Lecturer  in  Zoology  at  this  College,  for  preparing  the 
index. 

W.  N.  PARKER 

Ukiybrsitt  College,  Cabdiff, 
August,  1907. 
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ERRATA 

FA<1E 

.">  otli  lino  from  bottom, /or  **  wallH,''  read  '•  wall." 

13  Fig.  11,  iiiMert  *'  goniul  (ovary)''  heioiv  *'  kidney." 
.'W         ,,     2*\/or  **  A"  ami  O  nervos,"  read  **  iV,  nerveH  ;  O^  1>Kkk1-voh8c1r." 

40  Sth  line  from  lop,  for  ••di«ipp«ttr/'  rftid  **<liRap|K«ara." 

40  11th  ,,  ,,        /or  "  ossifications," />a^/ "oHsification.'' 

.53  Fig.  42,  transpose  A  and  /i. 

7*2  Line  H  from  bottom,  fleJtfc  "  the  first"  and  ''cervical.'' 
73         „    10  ,,  for  ♦'  are,''  rend  '*  is.' 

73         ,,      3  ,,  /or  **  proximal,"  rf-ar^/ "anterior." 

73         ,,      2  ,,  /*r '*  distal,'' 7*«a// "posterior." 

92  Fig.  69,  inMfrf  '*  0"  Iwfore  "orbital  ring,"  and  "  xi/injt/.,  symploc-lic." 
96         ,,71,     ,,       "  A",  external  gills." 

112  3rd  line  from  top, /or  *'  system,''  rtfnd  **  septum." 

1 19  Fig.  86,  /or  "  (condyles,"  rf:ad  "  condyle." 

145  10th  line  from  bottom,  dthfe  "  B.'* 

151  4th  ,,  top, />r  "show,"  rt'w/ "shows." 

155  18th        „  „    /or  "stright,"  r<^a// "straight." 

164  Fig.  129, /or  "  Ist,"  read  "5th.  " 

176  17th  line  from  top, /or  "ami  thus  effbct."  rewl  "  thus  effecting." 

298  Fig.  218a,  for  "  />;"  read  "  Ph*' 

304         „     223,/or  "  vestibula."  read  "  vestibuli." 

315  3rd  line  from  top,/>r  "cartilaginious,"  rt^wl  "cartilaginous." 

:W0  Fig.  260b,  for  "  t4in<lrinous,"  read  "  tendinous." 

4.*W  20th  line  from  Iwttom, /or  "  Phalcfilarctos,"  read  "  Phascolarctos." 

445  6th  and  7th  lines  from  bottom,  /or  "  jMirospliomn,"  read  "  panM)phoroii. 

450  13th  line  from  t^p,  for  "  epididermis,''  rent/  "  epididymis." 
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2  COMPARATIVE  ANATOMY 

rudimentary  or  vestigial  organs  and  parts  in  the  adult  organism 
which  would  otherwise  remain  totally  inexplicable. 

Histology  is  a  subdivision  of  anatomy  which  concerns  the 
sti^t^ural  elements — the  building-stones  of  the  organism,  and  the 
combination  of  these  to  form  tisBues.  Various  combinations  of 
the  tissues  give  rise  to  organs,  and  the  organs,  again,  combine  to 
fonn  systems  of  organs. 

The  structural  elements  consist  primarily  of  cells  and  second- 
arily of  cells  and  Jlbres  often  enclosed  in  an  intercellular  substance 
or  iniUrix\  and  the  different  tissues  may  be  divided  into  four 
principal  groups : — 

1.  Epithelium,  and  its  derivative,  glandular  tissue, 

2.  Sapparting  tissue  (connective  tissue,  adipose  tissue,  cartilage, 
bone). 

3.  Muscular  tissue. 

4.  Na'vovs  tissue. 

In  accordance  with  the  functions  they  perform,  epithelium  and 
supporting  tissue  may  be  described  as  pcissive,  and  muscular  and 
nervous  tissue  as  a<;tiv€. 

By  an  organ  we  understand  an  appamtus  which  performs  a 
definite  function :  as,  for  instance,  the  liver,  which  secretes  bile ; 
the  gills  and  lungs,  in  which  an  exchange  of  gases  is  effected  with 
the  surrounding  medium ;  and  the  heart,  which  pumps  blood 
through  the  body. 

The  organ-systemSy  which  will  be  treated  of  in  order  in  this 
book,  are  as  follows  : — 1.  The  outer  covering  of  the  body,  or  inte- 
gument;  2.  The  skeleton;  3.  The  mtiscleSy  together  with  electric 
organs ;  4.  The  nei^oits  system  and  sense-organs ;  5.  The  organs  of 
nutrition,  respiration,  circulation,  excretion,  and  reproduction. 

The  closely-allied  branches  of  science  defined  above  are  in- 
cluded under  the  term  Morphology,  as  opposed  to  Physiology 
which  concerns  the  functions  of  organs,  apart  from  their  morpho- 
logical relations.  The  combined  results  obtained  from  these  two 
fields  of  study  throw  light  on  the  organisation  of  animals  in 
general — that  is,  on  Zoology  in  its  widest  sense. 


II.    DEVELOPMENT   AND   STUUCTURAL   PLAN    OF  THE 

VERTEBRATE   BODY. 

The  structural  elements  described  in  the  preceding  section  as 
the  building-stones  of  the  organism,  i.e.  the  cells,  all  arise  from  a 
single  pHmitive  cell,  the  egg-cell  or  ovum.  This  forms  the 
starting-point  for  the  entire  animal-body,  and  a  general  account  of 
its  structure  and  subsecjuent  development  must  therefore  be  given 
here. 

The  ovum  consists  of  a  rounded,  nucleated,  protoplasmic  body 
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(Fig.  1),  consisting  of  the  vitelhts,  in  the  interior  of  which  is  the 
gei*mincU  vesicle,  enclosing  one  or  more  germinal  spots:  the 
membrane  which  covers  the  vitellus  is  spoken  of  as  the  vitelline 
membrane.  Since  the  ovum  corresponds  to  a  single  cell,  we  may 
speak  of  the  vitellus  as  the  protoplasm  of  the  egg-cell,  the 
germinal  vesicle  as  its  nucleus,  and  the  germinal  spot  as  its 
nucleolus:  the  vitellus,  however,  consists  of  two  different  sub- 
stances— protoplasm  and  deuteroplasm  (yolk) — in  varying  propor- 
tion and  relative  distribution  in  different  animals. 

The  nucleus  is  enclosed  by  a  delicate  nuclear  mcmh^ane,  and  is 
made  up  of  two  chief  constituents — the  sp&ngioplasni  or  chromatin^ 
and  the  hyaloplasm  or  achroinatin,     A 
small  particle,  the  cevirosome,  is  also 
present  in  the  protoplasm  of  the  cell, 
and  tixkes  an   important   part  in  the 

f)rocess  of  cell-division.  An  outer 
imiting  membrane,  corresponding  to 
the  vitelline  membrane,  is  not  an  in- 
tegral part  of  the  cell,  but  may  be 
differentiated  from  the  i)eriphenil  pro- 
toplasm. ^'*''  1.— Diagram  ok  the 

In  the  process  of  sctual  rcproduc-  ^*^*'* 

tion,  which  occurs  in  all  Vertebrates,      A   vitellus;    KB,    genninal 
the    fusion    with    the    ovum   of    the       ^^«'«^*^ »  ^^'»  germinal  spot. 
Bi>enn-cell  or   Bpermatosoon,    con- 
taining the   generative   substance   of  the   male,   is   an   absolute 
necessity  for  the  development  of  the  former. 

Before  this  fusion  can  occur,  certiiin  changes  take  place  in 
the  ovum  which  constitute  what  is  known  as  its  maturation,  the 
essential  result  of  which  is  a  reduction  in  niiiss  of  the  chromatin 
in  the  germinal  vesicle.  The  ovum  undergoes  a  twice-repeated 
process  of  cell  division  (kaiyokincsis  or  mitosis)  similar  to  that 
which  occurs  in  tissue-cells,  except  that  the  resulting  daughter- 
cells,  in  addition  to  the  reduction  in  their  chromatin,  are  of 
different  sizes,  two  small  evanescent  polar-cells  (Fig.  2)  being  suc- 
cessively thrown  off  from  the  larger  ovum.  A  similar  process  also 
occurs  in  the  development  of  the  sperm-cell,  except  that  there  is 
no  difference  in  size  between  the  products  of  division.  The 
portion  of  the  original  nucleus  remaining  in  the  ovum  or  sperm 
is  then  known  respectively  as  the  female  (or  maternal)  and  mak  (or 
paternal)  pronucleus, 

A  sperm-cell  then  makes  its  way  into  the  ovum,  and  its  pro- 
nucleus unites  with  the  female  pronucleus  to  form  the  segmentatian 
nucleus.  This  process,  which  is  known  as  impregnation  or 
fertiliiation,  thus  consists  in  a  material  intenningling  of  the 
generative  substances  of  both  sexes,  or  more  accurately  of  the 
sperm-nucleus  and  egg- nucleus.  The  essential  cause  of  inherit- 
ance can  thus  be  traced  to  the  molecular  structure  of  t»K^  w\\R\ft\  ^^ 
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both    male   and    fuiiiak'   germinal   cgIIs.     This  structure   is   the 
morphological  expression  of  the  characters  of  the  species. 

After  fertilisation  has  taken  place  development  begins.  The 
segmentation  nucleus  divides  into  two  equal  parts,  each  of  which 
forms  a  new  centre  for  the  division  of  the  ooiperm,  as  it  most 
now  be  called,  into  two  halvea  or  blastovieres.  This  division,  the 
beginning  of  the  process  of  Mgtnentatlon,  takes  place  by  the 
formation  of  a  furrow  round  the  egg  which  becomes  deeper  and 
deeper  until  the  division  is  complete.     (Fig.  2,  A). 

The  first  stage  in  the  process  of  segmentation  is  thus  com- 
pleted ;    the  second  takes  place  in  exactly  the  same  way,  and 
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results  in  a  division  of  the  oosperm  into  four  parts;  and  by  a  similar 
process  are  formed  eight,  then  sixteen,  then  thirty-two  biastomeres, 
and  so  ou,  the  cells  becoming  smaller  and  smaller,  and  each  being 
provided  with  a  nucleus.  (Fig.  2,  c — d).  In  short,  out  of  the 
original  oospei'm  a  mass  of  cells  is  formed  which  represents  the 
building-material  of  the  animal  body,  and  which,  from  its  likeness 
in  appeamnce  to  a  mulberry,  is  spoken  of  as  a  morula. 

In  the  interior  of  the  monila  a  cavity  {segme^Uation  cavity  or 
blasioaele)  filled  with  fluid  is  formed,  and  the  morula  is  now  spoken 
of  as  the  blutoiphere  or  blastula  (Fig.  3).  The  peripheral  cells 
enclosing  this  cavity  form  the  germinal  membrane  or  blasto* 


BD,  blostoilf 
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INTRODUCTION  5 

denn.  Consisting  primarily  of  a  single  layer  of  cells,  the  blasto- 
derm later  on  becomes  two-layered,  ana  then  three- layered.  From 
the  relative  position  of  these,  they  are  spoken  of  respectively  as 
the   oiittr,  mvldU,  and   intier 

germinal   layers,  or  as  ecto-  HO 

derm  (epiblasl),  mesoderm 
(mesoblast),  and  endoderm 
(kypiMaa). 

The  mode  of  distribution 
of  the  yolk-particles   in   the 
ovum,  and  an  incretise  in  their 
amount,     result     in     certain 
modifications  of  the  primitive 
form  of  segmentation  ns  de- 
scribed   above.     Yolk    is  an 
inert  substance,  and  its  pre- 
sence tends  to  hinder  or  even 
entirely  to  prevent  segmenta- 
tion   in    thost-    iwrts   of  the 
ovum  in  which  it  is  abundant. 
When  the  whole  ovum  undergoes  division,  the  segmentation  is 
known  as  entire  or  holMaatic ;  when  division  is  restricted  to  part 
of  the  ovum  only,  the  segmentation  is  said  to  be  2"^Tlial  or  meru- 
hlastic^  (Fig.  i). 
ma.  The  question  as  to  the  origin  of  the 

germinal  layers,  on  account  of  its  im- 
portant signification,  is  one  of  the  most 
burning  problems  in  morphology,  and  as 
yet  we  cannot  arrive  at  any  full  and 
satisfactory  conclusion  on  the  subject. 
It  may,  however,  be  stated  that  in  all 
Vertebrates  the  blastosphere  passes — or 
did  so  in  earlier  times — into  a  stage 
called  the  gaitrula,  which  is  retained 
1  unmodified  form  only  in  the  lowest 
Vertebrate  (Amphioxus,  cf.  p.  14).  The 
gastrula  is  derived  primitively  from  the 
bias  tula  by  the  walls  of  the  latter 
(Fig.  3)  becoming  pushed  in  or  invaginated  at  one  part,  thus 
giving  rise  to  a  double-walled  sac  (Fig.  5).  The  outer  wall 
then  represents  the  ectoderm,  which  serves  as  an  organ  of 
protection  and  sensation,  while  the  inner,  or  endoderm,  encloses 
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Manupials) ;  ttnil  iiiif.qnni  in  the  Cyclostoniea,  Sturgeon,  Lepidosti^u*,  Dipnouis, 
and  nearly  all  Amphibiatia,  tlie  Begmentation  Munetimea  HpproachinK  th 
blastic  typ^.     In  Elasniobranchs,  Teleosts,    Reptiles,    Birda,   and   Mon 
the  ■egmentation  is  from  the  first  meroblastic  and  dufoiil,  i.r.,  reitrieted  t 
upper  pole  of  the  ovnni  (Fig.  4). 
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a  central  space,  the  primitive  digestive  cavity  (arcJunteron).  The 
opening  of  the  latter  to  the  exterior,  where  the  two  gerrainal 
layers  are  continuous, represents  the  primitive  month  or  hla&lopo-re, 
which  is  represented  to  a  certain  extent  by  the  jn-ivtitiw  streak  of 
higher  forms. 

From  the  ectoderm  arise  the  epiderm  and  its  derivatives,  the 
entire  nervous  system,  the  sensory  cells,  the  lens  and  certain  muscles 
of  the  eye,  the  oral  and  anal  involutions  {stomodcEutn  and  procto- 
daum),  and  the  oral  portion  of  the  pituitary  bi>.'ly  attached  to  the 
brain.  In  an  early  stage  the  endoderm  gives  rise  to  an  axial  ro<l, 
the  notochm-d  (Figs.  6  and  7),  and  eventually  to  the  epithelium  of  the 


Fiu.  S.—Oastrula. 
BIp,  blastopore ;  Skt,  ectoderm ;  BtU,  endoderm ;  U,  archenleroii. 

greater  part  of  the  alimentary  canal  (Figs.  6  and  10)  and  its 
glands,  including  the  thyroid,  thymus,  liver  and  pancreas,  as  well 
as  to  the  epithelial  parts  of  the  gill-sacs  and  lungs. 

Though  we  may  look  upon  the  ectoderm  and  endoderm — that 
is,  both  tne  primary  germinal  layers — as  arising  primitively  in  the 
manner  above  described,  various  modifications  occur,  depending 
largely  on  the  type  of  segmentation,  and  known  as  overgrowth 
{epiimy),  delamination,  and  paHial  delaminatitm.  The  middle  layer 
or  mesoderm  ia  a  secondary  formation,  and  is  phylogeneticaily 
younger  than  the  other  two  germinal  layers ;  both  as  regards  the 
origin  of  its  cells  and  histologically,  it  is  of  a  compound  nature, 
and  thus  forms  a  marked  contrast  to  the  two  germinal  layers  proper. 
One  of  its  first  and  most  important  functions  is  the  formation  of 
blood-cells ;  later  it  gives  rise  to  the  heart,  vessels,  and  to  nearly 
all  the  supporting  and  connecting  substances  (connective  tissue, 
adipose  tissue,   cartilage,  bone),  serous  membranes  (peritoneum, 
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plenra.  pericardium  and  muscieH,  as  well  ha  to  almost  the  entire 
excreton-  and  reproductive  apparatus. 

A  space  in  the  mesodermic  tissue  divides  it  into  a  parielaJ  or 
iomatir,  layer,  lying  along  the  inner  side  of  the  ectoderm,  and 
into  a  visceral  or  splanchnic  layer,  which  becomes  attached  to  the 
outer  side  of  the  endoderm  (Fig.  6,  A  and  b).  The  former,  together 
with  the  ectoderm  to  which  it  is  united,  constitutes  the  somcUo- 
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Fk;.    7.  — DtAGRAMMATIC  SkCTIONS  OF  TIIK   PRIMITIVK   KnDODKKM    AND   ITS 

Derivatives  of  Ami'hioxus  (A— C,  after  (tOTTK). 

From  the  dontal  part  of  the  endoderm  (unHhadeil)  arise  the  notochonl  {ch)  and 
the  nieHoderinic  somites  {me^) ;  from  the  ventral  jmrt  (shaded),  the  epithelial 
lining  of  the  gut.  The  entire  endoderm  in  Ht^'igcR  fi  and  C  thus  shows  four 
hollow  projectionn :  a  median  (chordal)  and  paired  lateral  (mesodermal)  out- 
growths communicating  at  first  with  the  larger  ventral  intestinal  cavity  {dh), 
but  later  becoming  constricted  off  from  Ihe  latter  (/>).  The  notochordal 
outgrowth  becomes  solid,  while  the  cavities  in  the  mesodermal  segments 
represent  the  rudiment*  of  the  c<rlome. 

pleure,  and  the  latter,  together  with  the  endoderm,  the  splanchno- 
pleure.  The  cavity  separating  these  is  the  body-cavity  or  ccelonie, 
and  is  lined  by  an  epithelium. 

The  cojlome  may  arise  as  a  segmcntally  arranged  series  of 
pouches  {cntcroccelcs)  from  the  archentcron,  in  which  case  its  lining 
epithelium  is  at  first  continuous  with  the  endoderm,  as  is  most 
plainly  seen  in  Amphioxus  (Fig.  7);  or  it  may  be  fonned 
secondarily  by  a  splitting  (delamination)  of  the  mesodermic  tissue 
{schizoccelc).  The  former  of  these  must  be  considered  as  the  more 
primitive. 
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The  dorsal  part  of  the  mesoderm  which  lies  on  either  side  of 
the  middle  line  in  all  cases  early  becomes  metamerically 
segmented  to  form  a  longitudinal  series  of  mesodemiic  somites  or 
protovertehrm,  which  lose  their  cavities  (cf.  Fig.  6,  A  and  b),  and  are 
concerned  in  the  formation  of  the  vertebral  column,  body-muscles, 
and  part  of  the  urinogenital  apparatus.  This  primary  segmenta- 
tion must  be  distinguished  from  the  segmentation  which  appears 
later,  on  the  formation  of  the  vertebral  column,  ribs,  spinal  nerves, 
&c.  The  ventral  parts  of  the  mesoderm  are  known  as  the  lateral 
'plates  ;  in  Amphioxus  alone  do  they  exhibit  segmentation. 

As  a  general  rule,  a  thickened  disc-shaped  region  can  be 
recognised  at  a  certain  stage  of  development  on  the  dorsal  pole  of 
the  oosperm :  this  is  the  so-called  cinhryonic  aretr,  on  which  the 
first  indications  of  the  btxly  are  seen  (F*ig.  4).  This  region 
gradually  sinks  into  the  underlying  yolk,  from  which  it  becomes 
constricted  off  all  round  by  the  formation  of  furrows,  and  conse- 
quently the  connection  of  the  b(^Kly- rudiment  with  the  ventral 
yolk-sac  (by  the  vUcllo-intestinal  duct)  is  gradually  reduced  in  size, 
and  when  the  yolk  is  eventually  entirely  absorbed  disappears 
altogether  (Fig.  8,  f).  In  the  higher  Vertebrates  (ll(^j)tiles,  Binls, 
and  Mammals)  folds  of  the  somatopleure  arise  externally  to  these 
furrows,  and  are  known  respectively  as  the  hmd-y  tail',  and  lateral 
folds',  these  gradually  grow  upwards  and  eventually  unite  with 
one  another  dorsally  so  as  to  form  a  membranous  dome-like  sac, 
the  amnion  (Fig.  8)  which  encloses  the  embryo  and  contains  a 
fluid  {liqtun'  amnii). 

Owing  to  the  presence  of  this  structure,  the  above-named 
Vertebrates  are  usually  distinguished  as  Amoiota  from  the 
Anamnia  (Fishes  and  Amphibians),  in  which  no  amnion  is 
developed  (p.  14). 

A  network  of  blood-vessels  becomes  developed  over  the  yolk- 
sac,  which  may  therefore  serve  as  an  organ  of  respiration  iis  well 
as  of  nutrition.  But  in  the  higher  Mammals  (Euthcria)  this  func- 
tion is  only  a  very  subsidiary  one,  hh  at  a  very  early  stage  a 
vascular  sjic-like  outgrowth,  the  allantois  (Fig.  8),  arises  from 
the  hinder  part  of  the  intestine  {i.c,  from  the  splanchnopleure). 
This  serves  not  only  for  respiration,  but  also  for  the  reception  of 
excretory  matters  derived  from  the  primitive  kidney.  It  is  also 
present  in  Amphibians,  but  in  them  remains  small,  and  does  not 
extend  beyond  the  body-cavity  of  the  embryo ;  while  in  the 
Anmiota  it  gradually  increases  in  size  and  grows  round  the  embryo 
as  a  stalked  vesicle,  which  in  Reptiles,  Birds,  and  Monotremes 
comes  to  lie  close  beneath  the  egg-shell  and  acts  as  an  efficient 
respiratory  organ  during  the  rest  of  the  embryonic  period. 
Towards  the  close  of  this  perioil  the  allantois  gradually  undergoes 
more  or  less  complete  reduction. 

In  the  higher  Mammalia,  an  imjmrtant  va.scular  connection 
takes  place  between  the   mother  and   foetus  by  means  of  the 
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iilianiois.  The  latter  bfcumes  atlHclied  to  a  <letiuite  region  of 
ihc  iitmiie  wall,  mid  rrmn  il.  vasciilai*  jinxresses  or  villi  arise,  an 
that  the  fceta!  ami  maternal  bluod-vi-ssels  uimic  intu  viTy  r^Iuwt 
n;I«t.i'ins  with  one   imnther.     Thus   nii    allantotc    placenta    is 
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fonned,  which  wrvoa  both  (iir  th«  n'siHratioii  iiiid  iiiitrilioii  of  the 
ftelUB  (Fig.  9). 

The  following  imiiorttint  points  must  now  be  nottd  ;is  legai-ds 
the  structure  of  the  V'erlebrate  body.  After  the  above-mentiom-d 
main  organs  have  apiieared,  a  atnaller  dorsal  neural  tube  and 
a  larger  vcnti'al  visceral  tube  are  seen  to  extend  longitudinally 
through  the  body,  ami  between  the  two  is  a  rod-like  support- 
ing strueturo.  the  notochord  (p.  (ij,  whiuh  fo\i\\5  \.\w   \rt\\v\a.v^ 
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skeletal  axis ;  it  is  usually  replaced  by  a  vertebral  column 
consisting  of  rertebrcB,  at  a  later  stage  of  development  (Fig.  10). 
All  these  structures  are  median  in  position,  and  the  body  is 
thus  hilaterally  sf/mmetrical.  The  neural  tube,  or  ce^'ehro-spinal 
cavity,  enclosed  by  the  skwU  and  arches  of  the  vertebra,  contains 
the  central  nervous  system  {h-ain  and  spinal  cord) ;  the  visceral  tube 
(ctelome)  encloses  the  viscera  (aliinent«,ry  canal,  heart,  urinogenital 
organs,  &c.),  and  its  muscular  walls  may  be  strengthened  by  a 
series  of  ribs,  articulating  dorsally  with  the  vertebral  column. 
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Certain  of  the  ribs  may  reach  the  raid-ventral  line  and  come  into 
connection  with  a  hreast-bone  or  slcmnvi,  and  thus  form  complete 
rings  or  hoops  around  the  visceral  tube. 

The  anterior  end  of  the  central  nervous  system  (brain)  and  of 
the  alimentary  tract  enter  into  close  relations  with  the  outer 
world,  the  former  being  connected  with  the  higher  sense-organs, 
while  from  the  latter  are  developed  the  mechanisms  for  taking  in 
nutriment  and  for  respiration. 

The  anterior  portion  of  the  body,  or  head,  passes  behind  into 
the  trunk,  either  with  or  ivithout  the  intermediation  of  a  neck.  The 
ccehme  is  jtractically  restricted  to  the  trunk,  in  the  hinder  part  of 
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which  the  intestinal  (annl)  and  urinogenital  apertures  are  nittiatcd, 
and  posterior  to  which  again  is  the  tail.  Head,  trunk,  and  tail 
constitute  the  body-axis,  as  distinguished  from  the  fitis  or  limbs 
(appendages),  which  arise  from  the  trunk  and  of  which  there  are 
typically  two  pairs.  In  addition  to  the  paired  appendages, 
median  fins  are  present  in  aquatic  forms. 

NtURALTuet /Cf«s*OJ«Wi  Ctin^l.} 
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Systematic  Zoology  is  concerned  with  the  classification  of 
animals,  on  the  basis  of  their  relationship  to  one  another,  into 
certain  divisions  and  subdivisions,  the  chief  of  which  are 
designated  as  Phyla,  Classes,  Onltrs,  Families,  Genera,  and  Species. 
In  this  connection,  structural  resemblance  {koniology)  is  taken  into 
account,  and  not  mere  functional  resemblance  {aimlogy). 

A  general  classification  of  the  principal  Vertebrate  groups, 
BuHicient  for  the  puqioses  of  thi.><  book,  and  also  a  table  showing 
the  order  of  their  appearance  in  past  time,  are  given  on  the 
following  pages. 
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Division  A.  ACRANIA  (CEPHALOCHORDATA). 

Lancelet  (Amphioxus). 
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B.  CRANIATA. 

/a.   An  AM  N  I  A. 

Class    I.  CYcrx)STOMATA  (Suctorial  Fishes). 

Order  1.  Myxinoidei  (Hag    Fishes — Myxine,    Bdello- 
stoina). 
,,      2.  Petromyzonies  (Lampreys). 
Class  II.  Pisces  (True  Fishes). 
Subclass  1.  Elasmobkanchii. 

Onler  1.  PUigioHtomi     (Sharks — Selachii,    and     Rays 
— Batoidei). 
,,      2.  Holocephali  (Chima^ra,  Callorhynchus). 
Sub-class  2.  Tkleostomi. 
Order  1.   Crossopi 

2.  Chrondro 

3.  HoioHtei 

4.  TeleoMtei.      '  '  '  '  ^ 
Sub-order  a.   PhynoHtomi  (Cam,  Pike,  Salmon, 

Heiring,  Eel,  Siluroids). 
h.  Anat'anthini  (C3od,  Flat-fishes).     "^ 

c.  ^ra>t/Ao7>/6ri  (Perch, Stickleback, 
Gurnanl,  Blenny). 

d.  Pharywjognathi  (Wrasse). 

e.  PiecJoymithi  (Trunk-   and    File- 
fishes). 

,,         /.   Lophohranchii    (Pipe-fish,     Sea- 
horse). 
Sub-class  .3.  DirNoi. 

Onler  1.  Monojmeumona  (Ceratoilus). 

,,      2.  Dipneumona  (Protopterus,  Lepidosireu). 
Class  III.     Amphibia. 

Order  I.   Urodela. 

a.  Perennihrtiitrhiaia  (Proteus,  Siren,  Necturus). 

(Derotremata       (Amphiuma, 
Menopoma). 
.Vyr^O(fem(.S»Uraaudra,Tri. 
ton,  Amblystoma). 
2.  Anuni  (Frogs  and  Toads). 
\  ,,3.  (lyimiojfhiona  (Limbless  C(ecilians). 

/  ^.   A  M  N I  o  T  A. 

Class  IV.  Rkitilia. 

Onler  I.  Rhynchocephali  (Hatt^ria). 
2.   LiuxrtiHa  (Lizards). 
.3.   OphUlia  (Snakes). 
4.   ChfJonia  (Turtles  an<l  Tortoises). 
,,      5.  Crovodilia  (Cnnodiles  and  Alligators). 
Chiss    V.  AvES. 

a.  Ratittf  (Cursorial  Birds— Ostrich,  Rhea,  Emu,  &c.). 

b.  Crtr/wa^f  (Birds  of  Flight). 

Class  VI.  Mammalia. 

Sub-class  1.   Protothkria   or  Ornithodelphia  (the  Ovi- 
parous     Monotremes  —  Omithorhynchus, 
Echidna). 
,,       2.  Mktathkria    or    Didelphia    (Maraupials — 
Kangaroo,  Phalanger,  Opossum.). 

3.    EUTUEKIA  or  MONODELPIIIA. 
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Onlcr  1.  EtUntata  (Sloth,  Anteater). 

2.  Sirenia  (Dugong,  Manatee). 

3.  Cetarea  (Porpoise,  Whale). 

4.  Untptlata  (Rhinoceros,  Horse,  Ruminants.) 
o.  Ifyraroidta  (Hyrax). 

6.  Probascidea  (Elephant). 

7.  RodeiUia  (Rabbit,  Mouse,  Beaver,  Cavies). 

8.  Cheiroptera  (Bats). 

9.  hmectivora  (Shrew,  Mole,  Hedgehog). 

10.  Camirora  (Bear,  Dog,  Cat,  Seal). 

1 1 .  Prosim  i  *(  Lemurs ). 

12.  Primaten  (Monkeys  and  Man). 
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SPECIAL  PART. 


A.  INTEGUMENT. 


The  skin  consists  of  a  superficial  ectodermal  layer,  and  a 
deeper  mesodermal  layer.  The  former  is  called  the  epiderm 
(scarf-skin)  and  the  latter  the  derm  {coriuvi,  cutis). 

In  the  epidemn,  which  consists  of  cells  only,  two  parts  may  in 
general  be  distinguished  : — an  external  layer,  composed  of  flattened 
and  hardened  cells  {stratum  coi^neum ,  hm^ny  layer),  and  a  deeper,  of 
more  columnar,  formative  cells  {stratum  Malpighii  s.  germativum, 
mucous  layer).  The  latter  serves  for  the  regeneration  of  the 
homy  layer,  the  superficial  part  of  which  is  continually  scaling 
off,  as  well  as  for  the  formation  of  such  homy  structures  as  hairs, 
bristles,  nails,  claws,  and  hoofs,  and  of  the  integumentary  glands. 
The  peripheral  sensory  eiul-organs  also  arise  by  a  differentiation 
of  this  layer  of  cells. 

The  dei'm,  which  is  usually  thicker  and  tougher  than  the 
epiderm,  is  made  up  principally  of  connective  tissue  and  smooth 
muscular  fibres:  it  is  usually  not  sharply  marked  off  from  the 
subcutaneous  connective  tissue,  which  commonly  encloses  more  or 
less  fat.  Externally,  the  derm  may  give  rise  to  numerous  papilla3 
projecting  into  the  epiderm,  especially  in  higher  forms.  Apart 
from  the  homy  and  glandular  structures  extending  into  it  from 
the  epiderm,  the  derm  encloses  vessels,  nei^es,  and  often  bony 
structures  also. 

Pigment  cells  {chromato2}hoi'es)  and  free  pigment  occur  in  both 
layers  of  the  skin  :  they  correspond  to  modified  connective  tissue 
cells,  and  in  them  a  temporary  shifting  of  the  contained  pigment 
may  occur,  this  process  being  under  the  control  of  the  nervous 
system. 

In  Amphiozus,  the  epiderm  differs  from  that  of  all  the  Craniata 
in  the  fact  that  it  consists  of  a  single  layer  of  cells  :  its  surface  is 
covered  with  cilia  in  the  larval  (gastrula)  stage,  and  this  must 
undoubtedly  be  considered  as  an  inheritance  from  Invertebrate 
ancestors. 
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Plihei. 


Tlio  characU'r  of  tlie  ciiiilcnii  varios  prcatly  in  the  different 
ffroups  (Fig.  12).  Thu  striiitt.'ii  niticular  border  (present  f-g.  in 
Uyclaitunii^s,  TuloitstH,  anil  l^ipnoans)  possibly  indicates  the 
foi-nior  [x^s-SL-ssiun  of  ciliiv.^  Com iti cation  of  the  superficial  layer 
occiii-s,  i's|)euially  in  Telciwts,  over  those  parts  of  the  scales  (Fig.  13) 
which  rtr«  not  ovcrlnppod  by  their  fellows.     Numerous  lytnph- 


THK  Stkuctukb  or 


fi,  B,  goblet -ui'lls  (in«niii||!  on  tlie  BurfALij ;  Co,  'term;  C8,  oaticnlftr  nurgiii; 
Ep,  cpiik-rm  ;  /,  huIh^iiIaiiuixih  fat ;  (',   vchhgIs  which  iMua  upwardi  id  the 

\-crticiil  oniioclivu  tixHiiti  himdlca  (.9)  of  the  derm ;  Ko,  goUet-oella ;  KS, 
granular  cells;   11',  huiizonttil  i;ininu:iive-tiRBiic  bundles. 

cells  (leucocytes)  are  found  in  the  cpidorni  which  have  wandered 
out  of  tlie  (lenn,  ami  some  of  thetii  contain  pigment.  The  derm 
consists  mainly  of  hoiizonlal  iinil  vertical  layera  of  txinnective 
tissne,  and  encloses  the  other  utrnctHres  already  referred  to  (I^gs. 
12iuidKJ). 

Various   kiiiils   of  mu(:us-.sccroting   cells   are   formed   in   tbe 
cpidenn,  an<l  in  adiHtioii  to  the  relatively  larger  or  smaller  gM/d 


...ally  ,>r. 


tery  early  stage*  ii 
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eelh  commonly  present  may  be  mentioned  the  granular  cells  in 
the  Lamprey  (the  natnre  of  which  is  not  understood),  and  in 
Myxinoids  the  numerous  slime-sacs,  formed  as  invaginations  of  the 
epidenn  and  containing  peculiar  thread-cells. 

Special  aggregations  of  gland-cells  occur  in  relation  with  the 
copulatory  organs  or  claspers  of  male  Elasmobranchs  {glmidulce 
pterygopodii),  and  on  the  operculum  and  dorsal  fin-rays  of  certain 
Acanthopberi  {e.g.  Trachinus,  Thalassophryno,  Synanceja),  in 
which  latter  they  constitute  a  poiion-apparaUts  serving  for  offence 
or  defence,  and  consist  of  modified  epidermic  cells  enclosed  in 
grooves  of  the  spines  of  the  operculum  and  dorsal  Bus.      Most 


F[(i.   13.— Lo-iiiiTDDi 


of  these  poison-fishes  are  inhabitants  of  the  temperate  and 
warmer  seas :  in  fi^sh-water  forms  {e.g.  Perca,  Cottus),  the 
apparatus  has  apparently  undergone  partial  or  total  degeneration. 
Poison-organs  are  also  said  to  occur  in  a  number  of  other  Teleoata 
{e.g.  in  connection  with  the  dorsal  and  pectoral  spines  of  many 
Siluridie)  and  in  certain  Elasmobraut-hs ;  a  closer  examination  will 
probably  prove  their  existence  in  many  other  Fishes. 

Pftospkoi-cscent  orgntbs,  formerly  known  from  their  appearance 
as  "  accessory  eyes,"  occur  on  various  parts  of  the  head,  body,  and 
tail  of  several  families  of  deep-sea  Teleosts  {e.g.  Stoniiatidie, 
Halosaurida?,  Anomalopidse),  and  in  certain  species  of  Elasmo- 
branchs belonging  to  the  family  Spinacidie.  Their  arrangement, 
distribution,  and  structure  is  very  varied  in  different  fonns.  The 
luminous  part  consists  of  gland-cells,  supplied  by  the  trigeminal, 
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facial,  and  spinal  nerves ;  and  a  number  of  accessory  parts  may  be 
present,  e.g.  a  pigment-layer,  a  reflecting  apparatus,  a  vitreous 
body,  and  structures  resembling  a  lens  and  an  iris.  These  organs 
probably  serve  to  attract  prey  or  to  help  their  possessors  in  seek- 
ing food  in  the  darkness  of  the  deep  sea.^ 

In  addition  to  very  numerous  goblet-cells,  the  epiderm  of  the 
South  African  Dipnoan,  Protopterus,  gives  rise  to  cup-shaped 
wtiUicellular  glands,  resembling  those  of  the  Amphibia.  Dunng 
the  dry  season,  this  animal  (like  its  South  American  ally, 
Lepidosiren  ^),  buries  itself  in  the  river-bottom  :  its  integumentary 
glands  then  produce  a  varnish-like  secretion  and  an  enclosing 
cocoon  or  capsule,  by  means  of  which  it  is  protected  during  the 
torpid  period. 

Pigment-cellSy  which,  as  already  mentioned,  are  under  the 
control  of  the  nervous  system,  and  are  able  to  cause  a  change  of 
colour,  are  present  sometimes  in  both  layers  of  the  integument, 
sometimes  in  one  only.  Colour  may  also  be  produced  by  reflecting 
bodies  consisting  of  excretory  products  (guanin)  and  known  as 
iridocytes. 

The  presence  of  scales  (see  under  Exoskeleton)  may  affect  the 
epiderm  when  they  project  from  the  surface,  and  in  some  cases  it 
may  disappear  so  that  the  scales  become  superficial  {e.g.  in  Elas- 
mobranchs.  Ganoids,  and  some  Teleosts). 


AmphibianB. 

The  epiderm  of.  Amphibians  differs  markedly  from  that  of 
Fishes,  inasmuch  as  nearly  all  the  special  forms  of  cells  so 
characteristic  of  the  latter  are  wanting.  Both  epiderm  and  derm, 
moreover,  differ  in  the  larva  and  in  the  adult.  The  epiderm  at 
first  consists  of  a  single  layer  of  cells,  and  then  of  two  layers,  the 
superficial  one  being  provided  with  a  ciliated  or  a  striated  cuticular 
border,^  and  remaining  throughout  the  larval  period  as  a  covering 
layer  (Fig.  14).  The  deeper  layer,  on  the  other  hand,  undergoes 
various  modifications :  it  becomes  stratified,  and  replaces  the  super- 
ficial cells  as  they  are  lost.  Slime-secreting  goblet-cells,  such  as  are 
characteristic  of  the  epiderm  of  fishes,  are  typically  wanting,*  and 
leucocytes  are  not  abundant.  Unicellular  glaiids,  known  in 
Urodeles  as  Leydig's  cells,  are,  however,  abundant  in  the  larva ; 

^  For  the  electric  organs  of  Malopteruriis,  which  are  said  to*  be  epidermic  in 
origin,  cf.  under  Electric  Organs, 

^  In  the  breeding  season  the  posterior  extremities  of  the  male  Lepidosiren  are 
provided  with  numerous  long  -vascular  papillae. 

'  Cilia  occur  abundantly  in  Salamander  larvse  over  parts  of  the  head  and 
body,  and  their  distribution  is  related  to  that  of  the  integumentary  sense-organs  ; 
they  are  also  found  in  very  young  Anuran  larva?. 

*  In  older  Urodele  larv«e,  after  the  epiderm  has  become  thickened,  numerous 
goblet-like  cells  can  be  recognised  ana  probably  represent  the  Leydig's  cells 
described  above. 
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and  cetia  with  thread-like  and  vacuolated  contents  have  also  been 
described  id  Anuran  larvip.  Later  on,  immediately  before  meta- 
morphosis, numerous  muUicellular  glands  of  alveolar  structure 


Fio.   14.— Skin  op  Labva  of  Salahandeb  [Salamattdra  macidota). 


(cf  p.  20)  appear  in  adaptation  for  tcrrostrial  life.  These  have 
nothing  to  do  with  the  unicellular  larval  glands:  their  great 
abnndancc  is  very  characteristic  of  the  Amphibian  akin  (Figs.  15 
and  16).  As  regards  theirdistribution.thoymaybe  scattered  singly 
throughout  the  skin,  or  arranged  in  groups — in  Anurans  chiefly 


Co,  derm,  in  the  connective  tisHUe  atroma  of  wliii.h  [B)  the  varioiu  sized  integu- 
menUry  glands  (A,  G,  D,  I>)  lie  embedded  ;  E,  epithelium  of  glands  ;  £p, 
epiderm  ;  Jtf',  the  muscular,  and  I'r  the  connective- tissue  layer  of  the 
gWda  [  M,  the  same,  seen  from  the  surface  ;  jtfm,  sulwaitaneoos  layer  of 
muscles,  through  whith  vcsselg  [O]  extend  into  the  dcnn ;  Pi,  Pvj,  pigment 
colls  in  the  derm  ;  S,  secretion  of  glands. 

along  the  back,  in  Urodeles  (and  Toada)  at  the  junction  of  head  and 
b-unk  {"*  parotoida")  or  laterally  along  the  body  and  in  the  caudal 
region  ie.g.  Spelerpes,  Pletbodon).    These  aggregated  glands  vary 
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not  only  in  relative  size,  but  also  in  the  stnicture  of  their 
and  in  function,  Mueiis-glands,  and  much  larger  poison-gla; 
(the  secretion  of  which  is  granular),  can  iiaually  be  distinguishf 
the  latter  serving  as  a  passive  means  of  defence  ;  but  intermediate 
forms  may  be  recognised.  Smooth  muscle-cells  are  very  numerous 
in  the  derm,  certain  of  them  surrounding  these  glands,  and  foriQ: 
ing  constrictors  and  dilators.  ' 

In  the  Anura.  the  blood-vessels  are  not  always  confined  to  tl 
derm,  but  in  connection  with  the  respiratory  function  of  the  al 
extend  far  into  the  epiderm  before  metamorphosis,  during  whi 
process  the  capillary  loops  in  the  epiderm  increase  mark< 
decreasing  again  subsequently.  This  may  be  explained  by 
fact  that  during  metamorphosis  the  gills  are  no  longer  functii 


I 

ihed,         I 


and   pulmonary  respiration  alone  is  apparently  inaufBeiont 
additional  vicarious  arrangement  is  theivfore  temporarily  nei 
sary. 

The  coloration  of  the  skin,  which  may  undergo  change,  is 
to  dtromatophm'cn  of  diiferent  tints  in  the  derm.  The  derm  is 
similar  to  that  of  Fishes,  and  is,  moreover,  characterised  by  an 
abundance  of  blood-vessels  and  nerves,  as  well  as  of  smooth 
muscle-fibres.  Calcifications  and  even  ossifications  {e.g.  iu  Cera- 
tophrys  dorsata)  may  occur  in  the  derm,  and  in  the  Gymnophiona 
definite  dermal  scales  are  present,  _ 

A  stratified  stratum  comeum  becomes  developed  even 
percnni branchiate  types,  and  may  become  more  pronounced 
adaptation  to  a  terrestrial  existence  in  caducibrancniate  forms 
metamorphosis.  The  comification  is  especially  marked  along  tl 
back,  and  may  result  in  the  formation  of  warta  and  papillf 
occasionally  claw-like  structures  are  developed  on  the  digi 
(Xenopus,  Onychodactylus).  The  homy  layer  of  the  epiderm 
shed  periodically,  either  in  pieces  or  entire. 


M 
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ReptileB. 

In  adaptation  from  the  first  to  a  terrestrial  in  place  of  an 
aquatic  existence,  the  skin  of  Reptiles  is  dry  and  more  or  less 
pneumatic.  Integumentary  glands  are  practically  wanting.  The 
"  femoral  pores  "  of  Lizards,  which  were  formerly  looked  upon  as 
glands,  are  now  known  to  be  merely  subcutaneous,  branched, 
tube-like  cavities  lined  by  comified  cells  which  project  from  the 
pores  in  the  form  of  solid  cones,  and  possibly  serve  as  clasping 
organs  during  copulation  :  it  is  doubtful  whether  these  structures 
originated  from  glands  in  the  first  instance.  In  the  Crocodilia  a 
row  of  about  twenty  small,  gland-like  sacs  are  present  under  the 
skin  along  the  back  from  the  neck  to  the  base  of  the  tail,  at  the 
boundary  between  the  first  and  the  second  rows  of  scutes. 
Nothing  is  known  as  to  the  function  of  these,  or  of  the  evaginable 


Fio.  17.— Diagrammatic   Sections  through  Various  Kinds    of    Epidermic 

Scales  of  Reptiles.     (From  Boas's  Zoology,) 

At  rounded  scales ;  B,  shields;  (7,  imbricating  scales;  />,  the  same,  with  bony 
scutes  in  the  unclerlying  derm  ;  A,  horny  layer,  and  «,  Malpighian  layer  of 
the  epiderm  ;  /,  derm  ;  o,  bony  scutes. 


and  odoriferous  "  musk-gland  "  on  the  lower  jaw  of  Crocodiles  and 
the  invaginations  of  the  integument  on  the  margins  of  the  carapace 
in  Chelonians. 

A  further  chamcteristic  difference  between  the  skin  of 
Reptiles  and  that  of  most  Amphibians  is  seen  in  the  presence  of 
scales  (Fig.  17).  Horny  epidermic  scales  and  dermal  bony 
structures,  both  of  which  may  be  present  in  the  same  animal, 
must  be  distinguished  from  one  another  (d).  In  all  cases,  the  first 
traces  of  the  scales  are  due  to  the  formation  of  dermal  papillae, 
which  may  or  may  not  become  calcified  or  ossified.  In  the  former 
case,  the  resulting  bony  scale  or  scute  still  remains  covered  by  the 
more  or  less  homy  epiderm  (e.g.  Anguis,  Scincida^).  As  a  general 
rule,  the  epidermal  comification  is  much  more  marked  than  the 
ossification. 

"flf  mm.  STAWOTO  TOvmm 
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entire  (e,g.  Snakes,  Anguis).  Most  Lizards  simply  creep  out  of 
their  cast  skin,  as  out  of  a  sack ;  while  in  Snakes  it  becomes 
turned  inside  out  while  being  shed. 

The  horny  substance  may  undergo  a  variety  of  modifications, 
and  may  give  rise  to  such  structures  as  ridges,  prickles,  warts, 
claws,  shields  (e.g,  the  "  tortoiseshell "  of  Chelonians  ^),  and 
rattles  (Rattlesnakes);  or  it  may  develop  bunches  of  cuticular 
hair-like  bodies,  such  as  those  found  on  the  toe-discs  of  Geckos. 

In  the  derm,  a  superficial  and  a  deeper  layer  may  be  dis- 
tinguished. The  latter  is  composed  mainly  of  strong  bundles  of 
connective  tissue  fibres  which  as  a  rule  cross  one  another  at  right 
angles,  as  in  Fishes  and  Amphibians.  The  superficial  or  sub- 
epidermic  layer  is  looser  in  structure,  and  in  addition  to  con- 
nective tissue  fibres,  encloses  smooth  muscles  and  chromatophores 
(Fig.  19),  the  degree  of  development  of  the  latter  differing  greatly  : 
several  rows  of  them  may  be  present,  e.g.  in  the  Chameleon.     The 

Eower  of  changing  colour,  so  characteristic  of  the  last-named,  is, 
owever,  possessed  to  a  greater  or  less  extent  by  many  other 
Reptiles. 

Birds. 

The  skin  of  Birds  is  characterised  by  giving  rise  to  feathers,  as 
well  as  by  the  relatively  thin  epiderm  and  derm,  the  connective 
tissue  fibres  of  the  latter  being  irregularly  felted.  A  uropygial 
gland,  peculiar  to  Birds,  and  situated  at  the  base  of  the  rudi- 
mentary tail  (uropygium)  is  present  in  nearly  all,  being  wanting 
only  in  a  few  groups  {e.g.  RatitaB)  :  its  secretion  serves  to  oil  the 
feathers,  and  it  is  especially  well  developed  in  Water-Birds.  A 
gland  is  also  present  in  the  neighbourhood  of  the  auditory  passage 
m  certain  Gallinacese,  but  otherwise  integumentary  glands  are 
wanting  in  Birds.  Characteristic  of  the  derm  is  its  richness  in 
sensory  organs  {tactile  corpuscles)  and  muscle-fibres,  most  of  which 
latter  are  inserted  into  the  feather-sacs  and  serve  to  erect  the 
feathers  {arreciores  pbcmarum).  Epidermic  scales  are  present 
on  the  feet. 

The  feather  is  foreshadowed  in  the  reptilian  epidermic  scale, 
of  which  it  is  merely  a  further  modification.  That  scales  and 
feathers  are  homologous  structures  is,  at  any  nite  to  a  certain 
extent,  indicated  by  their  mode  of  development,  which  is  briefly  as 
foUowa 

In  the  region  where  a  feather  is  to  be  formed,  the  dermal  tissue 
becomes  slightly  raised  up  towards  the  thickened  epiderm  (Fig. 
20,  a),  and  thus  gives  rise  to  a  vascular  papilla.  As  this  papilla 
grows  out  to  form  an  elongated  cone,  the  feather-germ  (B),  its 

'  The  individual  epidermic  shields  of  Chelonians  are  inrlependent  of  the 
underlying  hony  plates  (Fig.  33),  ahd  do  not  correspond  with  them  in  arrange- 
ment. 
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vascular  base  gradually  sinks  deeper  and  deeper  into  the  derm, 
and  thus  becomes  anrrounded  by  a  sort  of  pocket— the  fMther- 
foUicIe.  The  homy,  as  well  as  the  lUalpighian  layer  of  the 
epiderm  extends  into  the  base  of  the  follicle,  and  thence  on  to  the 
feather-germ,  the  interior  of  which  is  throughout  filled  by  cells  of 
the  derm  which  give  rise  to  the  pulp. 

As  the  feather-germ  keeps  on  growing,  the  cells  of  the 
Malpighian  layer  begin  to  proliferate  rapidly,  giving  rise  to  a 
series  of  radial  folds  arranged  along  a  central  axis  and  extending 
inward  towards  the  pulp  (Fig.  21,  a).  These  folds,  between 
which  the  nutritive  pulp  extends,  then  become  comified  and 
separated  from  above  downwards  from  the  surrounding  cells  (B); 
and,  on  a  gradual  drying  of  the  central  pulp-substance,  give  rise 
to  a  tiifb  of  homy  rays  (C),  which  are,  however,  at  first  bound 
together  by  the  enclosing  stratum  corneum,  which  forms  a  sheath 
around  them.     Most  Birds  are  hatched  when  the  feathers  are  in 


B,  blood.vesM)  ;  C,  derm ;  E,  proliferating  epiderm  ;  F,   rudiment  of  follicle  \ 
h,  horny,  nod  m,  Malpighian  layer  ot  epiderm  ;  P,  pulp  of  the  papilla. 

this  Stage  of  development,  and  they  thus  appear  as  if  covered  with 
brush -like  hairs. 

By  the  shedding  of  the  investing  homy  sheath,  the  rays  or 
larbs—on  which  smaller  secondary  raj's  or  barbules  become 
developed— become  fi-ee,  and  thus  an  embryonic  down-featker 
(pluma)  is  formed.  _  The  whole  foather-genn,  however,  does  not 
become  divided  up  in  this  manner :  its  lower  portion,  embedded  in 
the  skin,  forms  the  guUl  {calamus),  the  intenor  of  which  contains 
a  peculiar  flaky  and  air-containing  homy  substance,  the  dried 
remains  of  the  pulp. 

Thus  the  earlier  stages  of  development  of  the  feather  and 
reptilian  scale  are  very  similar,  but  during  later  stages  the 
feather  becomes  adaptively  specialised.  The  wami-blooded  but 
still  flightless  ancestors  of  Birds  probably  possessed  a  covering  of 
down-feathers  which  served  as  a  protection  against  the  cold,  and 
which  only  later  become  adapted  in  connection  with  flight. 

In  many  Binls  the  feathere  retain  throughout  life  the  essential 
characters  of  down,  with  more  or  less  differentiation  {e.g.  Ratitse, 
and   more   especially  the  Cassowaries);    but  in  most  cases  the 


INTEGUMENT  27 

down'  becomes  covered  or  replaced  by  the  more  complicated 
definitive  conttniT-ftathers,  the  proximal  barbs  of  which  usually 
still  retain  their  down-like  character.  A  contour-feather  (jpenna) 
at  first  closely  resembles  a  down-feather,  but  in  the  course  of 
further  growth,  two  adjacent  rays  become  enlarged  to  form,  with 
the  relatively  longer  or  shorter  quill,  a  main  axis  or  stem  {smpus): 
the  part  distal  to  the  quilt,  to  which  the  barbs  are  attached  in 
a  double  row  opposite  one  another  is  called  the  shaft  {rachis). 
At  the  base  of  the  quill  is  a  small  aperture,  into  which  the 
vascular  papilla  extends ;  and  a  second  very  small  aperture  is 
present  at  the  junction  of  quill  and  shaft  on  the  inner  surface. 


Fio.  21.— Three  Staoeb  is  the 
IllAORAHMATCC  (ftftcr   Davien). 


barbs  {Si) :  these  have  become  free  it 


n  A,  which  aeparate  the  developing 


The  barbs  together  constitute  the  vane  (vncillum),  and  the 
barbules  arise  obliquely,  in  a  double  row  on  each  barb,  so  as  to  have 
relations  to  the  latter  similar  to  those  of  the  barbs  to  the  shaft. 
On  the  barbules  a  double  series  of  harbicels  are  developed,  certain 
of  which  may  bear  minute  hooklcts  which  interlock  with  one 
(uiother,  and  so  connect  the  barbs  together  into  a  continuous 
sheet:  this  is  particularly  the  cose  in  the  row  of  large  wing- 
feathers  (remiges)  on  the  fore-arm  and  manus  and  of  tail-feathers 
(recti-ices)  on  the  rump  or  uropygium. 

In  many  Birds  each  quill  of  the  ordinary  feathers  of  the  body 
bears  two  vexiHa,  which  may  be  equal  in  size  (Cassowary);  but 
usually  one,  the  aftcrshaft  {hyporachis),  is  smaller  than  the  main 
shaft. 

'  Various  moiiilieationB  of  the  ilown  fontliera  occur  {f.ij.  filoplanUH,  wliich 
by  some  zoologists  arc  Bupposod  to  represent  the  lost  remains  of  a  primitive 
fesither-oovering  from  which  both  <lown-feathen  and  contour-toathers  have 
become  differentiated}. 
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The  contour  feathers  are  generally  not  distributed  irregularly 
over  the  body,  but  are  arranged  in  definite  feather-tracts  (pterylce) 
separated  by  down-covered  spaces  (apteria),  having  a  uiore  or  less 
different  arrangement  in  the  various  groups.^ 

A  periodic  casting  of  feathers,  or  moidting,  takes  place  in  all 
Birds,  and  corresponds  to  the  similar  process  of  the  casting  of  the 
horny  epidermic  layer  in  Amphibians  and  Reptiles  :  the  papilla  per- 
sists, and  in  connection  with  it  the  replacing  feather  is  developed. 

The  feather-covering  of  Birds  must  have  been  acquired  in  very 
early  geological  periods,  for  Archaeopteryx,  found  in  the  Jurassic 
strata  of  Bavaria,  possessed  well-formed  feathers  with  a  delicate 
shaft  and  vane  (Fig.  49). 

The  colours  of  feathers  are  due  in  part  to  the  presence  of 
various  pigments  (viz.,  red,  yellow,  orange,  black,  and  brown),  and 
in  part  to  the  phenomenon  of  interference,  which  may  produce 
white,  grey,  blue,  and  metallic  or  iridescent  tints. 


MammalB. 

The  integument  of  Mammals  is  characterised  by  the  presence 
of  hairs,  and  the  question  as  to  how  far  scales,  feathers,  and  hairs 
are  comparable  to  one  another  is  an  interesting  one.  No  inter- 
mediate forms  are  known,  but  there  is  no  doubt  that  the 
feather  is  much  nearer  to  the  scale  than  is  the  hair.  The  study 
of  their  development,  however,  shows  that  the  origin  both  of  hair 
and  feather  may  be  traced  in  the  first  instance  to  similar  scale- 
like structures,  in  spite  of  their  very  different  final  form.  Thus 
phylogenetically  both  are  closely  related  to  the  horny  scales  of 
Reptiles. 

The  development  of  hairs,  as  well  as  their  grouping  and  distri- 
bution, indicates  certain  topographical  relations  to  scales,  and 
also  that  they  first  arose  in  relation  with  a  primitive  scaly  coat. 
Secondarily  they  appeared  on  or  behind  the  scales,  which  were 
gradually  reduced  as  the  hairs  underwent  increasing  differentia- 
tion. Hairs,  which,  like  feathers,  are  arranged  in  groups,  are  not, 
however,  individually  homologous  with  scales,  but  arise  from  parts 
of  a  scale-area,  while  the  feather  possibly  corresponds  to  an 
entire  scale.  There  can  be  little  doubt  that  the  earliest 
Mammals,  which  arose  from  primitive  Reptiles,  possessed  an 
extensive  scaly  covering  in  addition  to  a  sparse  coat  of  hairs. 

In  development,  the  first  essential  indication  of  the  hair  is 
seen  in  the  epiderm,  which  may  or  may  not  become  raised  up  at 

^  In  some  Birds  bristle-like  feathers  occur  on  the  head,  and  the  foot-acales 
or  shields  may  bear  feathers  of  a  peculiar  form.  In  insectivorous  and  nocturnal 
forms,  tactile  or  sinus-fealhers  are  present  around  the  eye  and  ear  and  at  the  base 
of  the  beak,  analogous  to  the  sinus-hairs  of  Mammals  {q,v.). 
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the  point  in  qi  estion  •  (Fig  22)  This  thicken  ng  of  the  ep'derm 
gro-^s  downwards  in  th  fom  of  a  {apilla  (fia  germ)  and 
IS  surrounded  by  th  celN  f  the  den  i  so  that  as  in  th  cast, 
ot  the  feathe  it  comes  to  1  c  uithin  a  k  nd  of  pocket  the  hati 
follicle  The  ong  nally  un  fon  i  masa  of  cells  of  the  hair  ger  n  is 
later  differentiated  nto  a  per  pheral  ind  a  c  ntral  portion  the 
latter  (fnilb  cone  C)  g  eg  r  se  later  (D)  to  the  hai  shaft  w  th  its 
edulla  and  pttk  and  to  the  cortei.  as  well  as  to  the  cuttcle  of 
the  shaft  and  the  so  called  i  nei  root  sheath  fron  the  former 
arises  the  a  te  root  site  th  Th  ong  n  of  both  sheaths  as  well 
as  the  sebitceo-is  glanls  can  be  traced  to  tie  Mai]  gh  an  layer 
(cf  Fig  23 )  Tl  e  base  of  the  ha  r  al  aft  wh  ch  fills  up  the  bottom 
of  the  foil  cle  s  broadened  out  to  fom  the  hatr  bulb  wh  ch  extends 


Fia.  22.-DiA.JR, 

A,  hair  germ  ;  B,  hair-cono  ;  C,  bulb-cone,  showing  tormalion  of  bulb,  papilla,  and 
hair-cone,  which  lalt«r  ia  bet-oniiiig  cornilied  at  the  apex.  D,  later  atage  in 
wliich  the  hair  is  further  differentiated,  but  haa  not  yd  readied  the  aurtace. 

round  the  highly  vascular  hair-papilla  like  a  cap.  The  hair 
usually  breaks  through  the  skin  obliquely,  the  direction  difTering 
in  different  parts  of  the  body. 

Thus  the  more  or  less  cylindrical  hair-shaft  consists  of  three 
parts — medulla,  corte-r:,  and  cuticle :  the  medulla  is  the  most 
important  part  of  the  hair,  and  on  its  etnicturo  mainly  depend 
the  differences  seen  in  the  hair  of  individual  species. 

The  colour  of  the  hair  is  <iue  to  three  causes :  firstly,  to  a 
greater  or  less  accumulation  of  pigment  in  the  cortical  layer; 
secondly,  to  air  contained  in  the  intercellular  spaces  of  the 
medulla ;  and  lastly  to  the  nature  of  the  surface  of  the  hair,  i.e. 
whether  it  is  rough  or  smooth. 

The  mode  of  formation  of  new  hairs  in  post-embryonic  stages  is 
not  thoroughly  understood :  when  the  hair  is  shed,  it  is  not  known 

'  Thia  hair.nidiment  at  tirat  more  or  lean  resembles  the  rudiment  of  an 
iDtegaiQentaiy  eense-organ  of  a  Fish  or  gilled  Amphibian  ;  and  this  fact  has  led  to 
the  eipreuion  of  a  view  that  the  oricnn  of  haira  niay  be  traced  pbylogenetjcallj 
to  *uch  aenaory  organs  of  the  lower  Vertebrate*. 
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whether  the  old  papilla  remains,  or  whether  a  new  one  is  formed. 
The  former  method  seems  to  occur  in  most  instances,  although  not 


er  and  F  nner  trans- 
[  &  1  pose  t  saue  ;  OH, 
hyaline  layer  h1  U  lies  between  tic  nner  a  d  outer  h&  r  sbeaittu,  i.t., 
between  the  root  sheath  a  d  ll  e  Coll  cle  ,  HBI),  seboceouB  glands  ;  HP, 
hair-papilla,  contoining  vosaels ;  31,  medulln  ;  0,  cuticle  of  shaft ;  R,  cortex  ; 
;  Sch,  hair  shaft ;  SM,  stratum  Malpighii  ;  WS,  WS\ 
it -sheath— the  Utt*r  reaches  above  only  M  f ar  u  tho 
-' ' '3  with  the  epiderm. 


infrequently  new  hairs  are  formed  throughout  life  direct  from  the 
epiderm,  as  in  the  embryo.  From  a  primary  hair-germ  an  entire 
group  of  hairs  may  be  formed  by  subsequent  division. 

The  special  tactile  hairs  (vibrisacB,  simts-kairs)  present  on  parts 
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of  the  face  are  usually  much  longer  and  stronger  than  the 
others,  and  are  provided  with  striped  muscle-fibres.  They  are  the 
first  to  appear  in  the  embryo,  and  the  last  to  be  retained  in  those 
forms  which  have  lost  their  hairy  covering  in  connection  with  an 
aquatic  life  {e,g,  Cetacea).  Between  the  outer  and  inner  layers  of 
their  follicles  are  blood-spaces  and  cavernous  tissue,  and  they  are 
well  supplied  with  branches  of  the  trigeminal  nerve.  The 
ordinary  hairs  are  also  well  innervated,  especially  in  the  case  of 
nocturnal  animals,  and  aie  sensory  as  well  as  protective  in 
function.  Other  modifications  of  the  hairs  are  seen,  e.g.  in  the 
eye-lashes,  the  long  tail-hairs  of  most  Ungulates,  and  various  other 
forms  of  bristles :  spines,  such  as  are  characteristic  of  the  Hedge- 
hog and  Porcupine,  are  merely  especially  strongly  developed 
bristles. 

Hairs,  like  feathers,  are  arranged  in  definite  tracts  (Jlumina 
piloncm),  and  the  fur  often  consists  of  finer  and  coarser  elements. 
A  richer  hairy  covering  (lanugo)  is  often  met  with  in  the 
embryonic  condition  than  in  the  adult  (eg,  in  the  human  foetus) ; 
and  this  fact,  together  with  the  occasional  appearance  of  abnorm- 
ally hairy  individuals,  indicates  that  at  one  time  Man  was  dis- 
tinguished by  a  far  more  abundant  clothing  of  hair  than  at  the 
present  day. 

Hairs  are  most  scanty  in  the  Cetacea  and  Sirenia,  in  the 
former  of  which  they  are  often  limited  to  a  few  bristles  (sinus- 
hairs)  in  the  region  of  the  lips  (Toothed  Whales)  or  chin  (Whale- 
bone-Whales), or  may  be  entirely  wanting  except  in  embryonic 
stages.  In  the  Sirenia,  apart  from  the  pei-sistent  hairs,  a  thick 
coat  of  fine  hairs  is  present  in  the  embryo,  and  modified  traces  of 
these  can  be  recognised  in  the  epidcrm  of  the  adult. 

The  hairy  coat  may  be  shed  and  renewed  periodically  {eg.  in 
the  case  of  Mammals  exhibiting  differences  in  their  summer  and 
winter  fur),  or  the  shedding  and  renewal  may  take  place  con- 
stantly, and  so  result  in  no  marked  change  of  coat. 

Epidermic  scales  may  also  occur  in  Mammals,  but  are  rarely 
present  on  parts  which  are  well  covered  with  hair.  They  are  large 
and  well  marked  in  Manis,  covering  the  dorsal  surface  of  the  head 
and  body,  the  sides   of  the  latter  and  the  whole   tail,  and  are 

S resent  on  the  tail  of  various  Rodents  (e.g.  Beaver,  Anomalurus, 
luridflB),  Insectivores,  Anteaters,^  and  Marsupials.  Other  epidermic 
structures  formed  as  thickenings  of  the  horny  layer  also  play  an 
important  part  in  Mammals :  such  are,  claws,  nails,  hoofs,  the  hoim- 
skeaths  of  Ruminants,  the  so-called  whalebone  {baleen)  of  the 
Mystacoceti,  the  palatal  plates  of  Sirenia,  the  thickened  regions  of 
the  epiderm  in  Cetaceans  and  Pachyderms,  the  ischial  callosities  of 
certain  Apes,  and  the  nasal  horns  of  the  Rhinoceros,  the  last- 
mentioned  of  which  consist  of  numerous  hair-like  horny  fibres. 
According  to  the  form  taken  by  the  horny  covering  of  the 

^  Vestiges  of  horny  scales  also  occur  in  Armadilloes. 
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distal  ends  of  the  digits,  the  Mammalia  may  be  subdivided  into 
Unguiculata  and  Ungulata,  the  former  group  including  those  with 
claws  or  nails,  and  the  latter  those  with  hoofs.  But  no  hard  and 
fast  line  can  be  drawn  between  these  structures,  which  in  all  cases 
are  derivable  from  a  simple  form  of  claw,  like  that  of  Reptiles  and 
Birds.  The  terminations  of  the  digits  are  without  a  homy 
covering  in  Cetacea,  though  rudiments  are  present  in  the  embryo 
of  Toothed  Whales ;  while  among  the  Sirenia  the  Manatee  possesses 
vestigial  and  variable  nails. 

The  homy  nail-plate  is  situated  on  the  dorsal  side  of  the 
digit,  while  ventrally  is  the  softer  sole-hm^n^  which  is  continuous 
proximally  with  the  pads  or  tori  on  which  the  foot  partially  or 


D 


i..5 


Fio.  24. — Diagrammatic  Longitudinal  Sections  through  the  Distal  Ends 
OF  THE  Digits  of — A,  Echidna  ;  By  an  Unguiculate  Mammal;  C,  Man; 
AND  />,  Horse  (after  Gegenbaur  and  Boaa). 

1 — 3,  phalanges  ;  6,  torus ;  JV,  nail-plate  ;  S,  sole-horn  ;   W,  bed  of  claw  or  nail. 


entirely  rests  when  on  the  ground.  The  essential  relations  and 
chief  modifications  and  reductions  of  these  parts  in  various 
Mammals  are  illustrated  in  Fig.  24.  Tori  are  present  in  most 
Mammals,  and  have  a  definite  arrangement  on  the  palms  and  soles 
(apical,  interdigital,  and  proximal),  and  in  them  the  dermal 
papilla?  are  either  irregular  or  are  definitely  grouped,  and  may 
give  rise  to  a  series  of  concentric  lines  and  arches.^ 

When  pigment  is  present  {eg,  on  the  snout,  external  genitals, 
and  teats),  it  is  chiefly  situated  in  cells  of  the  Malpighian  layer 


Compare  those  of  Man,  which  yield  the  characteristic  **  finger-prints. 
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into  which  it  wanders  from  the  dei-m,  which  may  ulao  contain 
pigment. 

In  the  derm,  as  may  be  seen  by  a  glanco  at  Fig,  25,  an  outer 
mpillarj^  and  an  inner  reticular  portion  may  be  distinguished. 
The  papillee  of  the  former  are  accurately  adapted  to  the  over-lying 
epiderm  :  some  of  them  contain  blood-  and  lymph-capillaries,  and 
cithers,  nerves  with  tactile  corpuscles.  The  latter,  on  the  other  hand, 
becomes  lost  without  any 
sharp  boundary  line  in  the 
subdermal  connective  tissue 
and  in  the  more  or  less 
well-developed  fatty  layer 
{panniculus  adipMus),  The  \p 
panniculuB  may  be  very  nf 
laigely  developed  in  aquatic 
Mammals — e.g.  in  the  Ce- 
tacea,  in  which  it  serves  to 
preserve  the  heat  of  the 
body,  and  at  the  same  time 
to  reduce  the  specific  gravity 
of  the  animal. 

As  in  Birds,  the  con- 
nective tissue  fibres  of  the 
derm  are  irregularly  felted 
Most  of  the  smooth  muscle- 
fibres  are  inserted  into  the 
hair-follicles  {arreciores  ptlo- 

rum       Fie.      23)       but     may  t-'o,  Uerm  ;  /",  BnbcuUneous  (at ; 

occurindependentlyofhaira,        P^P"."'^  /';,  Yjf  j'"'  "'' 

e.ff.,    in    the    scrotum    and        papi'llie ;  Sc,  Btrotum 

t£a^,  glands,  with  their(luctB(^Z>'};i?Jf,  stratum 

In  the  great  abundance        M'^lpiu''"- 
of    integumentary    glands, 

Mammals  differ  greatly  from  Reptiles  and  Birds,  and  more  nearly 
resemble  Amphibians.  They  may  be  present  in  all  parts  of  the 
skin,  and  differ  greatly  with  regard  to  the  consistency,  composition, 
colour,  and  odour  of  their  secretions.  Those  which  serve  for  the  ex- 
cretion of  products  of  destructive  metabolism  in  general,  and  for  the 
formation  of  odoriferous  substances,  arc  either  tubular  or  alveolar 
in  structure.  The  former,  which  were  probably  derived  from  those 
of  ancestral  Amphibians,  possess  a  muscular  investment,  have 
mostly  the  form  of  the  characteristically  coiled  sweat-glands,  and 
are  rarely  entirely  wanting  {e.g.  Cctacea)  r  the  latter,  which  are  a 
new  acquisition  and  are  known  as  sebaceous  glaitds,  apjiear  to  be 
not  only  functionally,  but  also  ontogenetically  and  phylogenetic- 
ally  closely  connected  with  the  hairs  (Figs.  23  and  25). 
Various  modifications  of  both  kinds  are  met  with,  and  they 
are   often  arranged  in   groups.      Thus  the  nasolabial   glands   of 
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cattle,  the  lateral  glanda  of  the  8hi-ew,  and  the  dorsal  glands  of 
Hyrax  resemble  sweat-glands  ;  while  the  preputial  and  Meibo- 
mian glands,  the  inguinal  glands  of  certain  Rodents,  and  the  facial 
glands  of  Bats,  are  largely,  at  any  rate,  modified  sebaceous  glands.* 
Another  important  modification  of  the  integumentary  glands 
is  seen  in  the  characteristic  mammai-y  ijlands.  to  the  possession  of 


w  OF  A  BiicHiDiKa  Fehalk  <i 

DlSSttCTION    OK    THR     VeNTRAI.    IhTBUL'MRNT    FBOH 

Hide.     (After  W.  UoAuke.) 

cl,  cloaca ;  f ,  T,  tha  two  tufta  of  hair  in  the  lateral  folils  oF  the  marsupial  poock 
(b.ni.)  from  which  the  Becretion  flows.  On  either  flids  at  the  imjiicIi,  whioh 
is  gurroimileil  I>y  strong  muades,  a  group  of  nfiammary  glaads  {y.m.)  opens. 

which  the  Class  owes  its  name,  and  which  secrete  milk  for  thd 
nourishment  of  the  young.  Nothing  is  known  of  their  phylogeny 
in  the  ancestors  of  Mammals,  but  in  all  cases  they  correspond  to 

*  Amonssl  inanv  other  modifiustionB  of  these  gluiidH  of  both  types  may  b« 
mentioned  the  anaf  alnnds  (capecially  well  developed,  t.<j.,  iu  ManiR  and  th» 
Skunii) ;  the  perineal  or  preicratal  glands  of  Viverra ;  the  caudal  gland  at 
the  Fox  and  Wolf :  the  suborbital  or  antorUtal  ghuida  Hituated  in  the  cavity  of 
the  laitrymol  tune  in  Cervidai ;  and  the  interdijptal  ghuuls  of  many  Ruminanti, 
Tlic  preputial  gliuids  of  the  Beaver  and  Muak-doer  also  deserve  special  nientioB. 

A  peculiar  tubular,  femoral  or  spur-gland  is  present  at  the  knee  in  Etdiiditt' 
and  dorsal  to  the  hip-joint  in  Omithorhyachns,  near  the  vertebrni  column.     It 

•euB  by  means  of  a  long  dnct  on  to  th«  tarsal  spur,  and,  tliongh  prusciit  la  the 

itirja  of  both  sexes,  undergoes  reduction  in  the  female. 
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modified  integumentary  glands  which  have  a  certain  similarity  to 
sweat  glands,  and  like  tnese.  are  probably  specialised  forms  of 
primitive  tubular  glands.  The  sclmceous  glands  arise  much  later 
ontogenetically,  but  it  is  interesting,  to  note  that  in  the  develop- 
ment of  the  mammary  area,  traces  of  early  stages  of  hairs  may  be 
observed  :  those  disappear  later,  but  their  sebaceous  glands  become 
connected  with  the  mammary  ducts. 

Potentially,  therefore,  mammary  organs  may  be  developed  in 
any  part  of  the  skin,  but  as  a  matter  of  fact,  they  are  limited  to 
the  ventral  side  in  adaptation  to  the 
method  of  suckling  the  young.  ^        ^2 

Amongst  the  oviparous  Mono- 
tremes,a  marsupial  pouch  appears  in 
the  embryo  of  Echidua  as  an  infold- 
ing of  the  abdominal  wall  (Fig.  26). 
This  pouch,  which  serves  to  shelter 
the  egg  and  young,  becomes  tempor- 
arily enlaived  in  tiie  breeding  season 
as  the  onspring  increases  in  size, 
and  has  the  form  of  a  deep  sac  ex- 
tending backwards  and  provided 
with  closing  muscles.  On  its  lateral 
walls  are  a  pair  of  depressions,  the 
so-called  mammary  pockets,  which  also 
arise  periodically.  A  bunch  of  hairs 
is  present  in  each  pocket,  the  follicles 
of  which  open  along  with  the  mam- 
mary ducts  on  these  two  glandular 
areas,  which  are  sharply  marked  off 
from  the  rest  of  the  pouch.  The 
mammary  glands  themselves,  which 
arc  almost  equally  developed  in  the 
two  sexes,  consist  in  Echidna  of  long,  coiled,  and  much  branched 
tubes,  the  blind  ends  of  which  are  swollen.  Both  they  and  the 
mammary  pockets  are  acted  upon  by  a  strong  integumentary  com- 
pressor muscle,  the  presence  of  which  is  all  the  more  necessary 
as  Monotremes  possess  no  teats.  The  manner  in  which  the  young 
take  in  the  milk  is  uncertain :  it  has  been  supposed  that  the  milk 
drops  from  the  two  bunches  of  hairs  and  is  then  licked  off;  or 
it  may  be  that  a  temporary  teat  is  formed  by  suction.^ 

Amongst  Marsupials,  in  which  ieais  arc  present,  the  pouch  is 
evidently  homologous  with  that  of  Ekihidna,  but  it  reaches  a  higher 

'  Nothing  definite  la  kaown  aa  to  the  manner  in  which  Omithorhynchua  care* 
for  its  young.  The  eggs  are  Ibid  in  burrows  in  the  earth,  and  it  appears  that 
no  marsupial  pouch  is  formed  at  a[iy  time ;  poBxibly  it  may  have  gruduHllj 
disappeared  as  the  animal  acquired  an  aiiuatic  habit.  The  sieve-liko  apertures 
of  tbe  mammary  gland  are  distributed  over  two  spindle-lbapeU  areas  on  the 
rentral  body-wall  which  ore  covered  by  the  fur  and  surrounded  by  integuncntary 


(After  Bresilau.) 

,  marsupial  pockets  i  Z,  teats 
or  mammary  pockets ;  t, 
lateral  walls  of  the  marsu- 

Sial  pockets  which  fuse  to 
jrm  the  walls  of  the  pouch. 
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stage  of  development.  A  solid  ring-like  ridge  of  tbe  epiderm  is 
formed  around  each  teat  (or  mammary  pocket  from  whicn  the  te&t 
arises),  and  later  on  the  areas  thus  enclosed  sink  inwards  so  as  to 
give  rise  to  a  row  of  hollows  or  marsupial  pockets,  which  together 
constitute  what  has  been  called  the  marsupial  line  (Fig.  27).  By 
a  fusion  of  the  adjacent  lateral  walls  of  the  pockets  arise  the 
marsupial  folds  which  form  the  pouch  (Fig.  28).  The  lowest 
Marsupials  show  no  trace  of  a  pouch,  and  their  ancestors  probably 
never  possessed  one. 

Marsupial  pockets  persist  permanently  in  various  degrees  of 
perfection  in  a  number  of  the   Eutheria  (  e.g.  Maoidse,  Murid«, 


f,  compreuior  mammio  ( -  oreiiuuiler  of  malL-),  passing  over  which  are  seen  blood- 
vt-Gsi^ln  and   tlic   geoito-cniral  nerve ;   /,   lytiipliatiu  glands ;    «,    Bphincter 

nariiupii ;  z,  tcata. 

Cervida',  Carnivora).  In  Mice  they  can  be  recognised  until  the 
beginning  of  lactation,  and  arc  then  cvaginatcd  and  thus  lengthen 
the  teats. 

The  teats  may  become  developed  in  one  of  two  waj-s.  Either 
the  skin  surrounding  the  mammary  pocket  (Fig.  29,  a)  becomes 
raised  up  to  form  a  circular  nimpart,  and  thus  gives  rise  to  a  teat 
perforated  by  a  cmial,  into  the  base  of  which  the  ducts  of  the 
gland  open  (b)  ;  or  the  gland  surface  itself  becomes  elevated  into 
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a  papilla,  while  the  surrounding  skin  remains  almost  on  a  level 
with  the  rest  of  the  integument  (c)  In  the  latter  case,  therefore, 
there  is  an  evagination  of  the  mammary  pocket,  and  the  teats 
may  be  described  as  stamdary  or  tiite  (Marsupials,  Rodents, 
Lemurs,  Monkeys,  and 

Man),  and  in  the  former  v  ^ 

as  primary  or  pseudo- 
teat  g  (Carnivores, 
Piga,  Horses,  and  Ru- 
minants). The  latter 
condition  is  already  in- 
dicated in  certain  Mar- 
supials {e.g.  Phalangista 
vulmna). 

The  teats  are  often 
situated  in  two  nearly 
parallel  rows  along  the 
ventral  side  of  the 
thorax  and  abdomen 
which  slightly  converge 
towards  the  inguinal 
region  {e.g.  Carnivores, 
Pigs) :  in  other  cases 
they  may  be  restricted 
either  to  the  inguinal 
(Ungulates  and  Ceta- 
ceans) or  to  the  thoracic 
region  (Sloths,  Manis, 
Elephants,  Sirenia, 
many  Lemurs,  Cheirop- 
tera, and  Primates) : 
while  in  others,  again, 
they  may  bo  axillary  or  ^>  fl"'  <>'  Hrdifferentiated  (mamniftry  pocket) 
«uX^n,:»*ll  n-  .k«.,  ™«,.  Btaga  ;  S,  atage  of  the  peeu'lo-  (primary)  teat : 
abdominal,  or  they  may  f,,  "wge  of  the  tr«e  (aJondary)  Ual ;  d,  n,am: 
occur  in  various  com-  mary  canal ;  f.y,  glaniluUr  area  ;  gl,  mammary 
binations  of  all  these  glamU;  i-,rim(orrainpart)of  theglanduUrarea. 
regions. 

The  number  of  teats  varies  greatly :  there  may  be  as  few  as 
one  pair,  or  as  many  as  eleven  pairs  (Centetes) :  in  general,  their 
numoer  corresponds  to  that  of  the  young  produced  at  one 
birth. 

Not  infrequently,  'supernumerary  or  accessory  mammie  and 
teats  can  be  recognised  {e.g.  in  Sheep  and  Cattle),  and  there  may 
be  indications  in  the  foetus  of  a  greater  number  of  teats  than  that 
which  occurs  in  the  adult:  thus  in  the  embryo  of  Whalebone- 
Whales  there  arc  eight  [wirs,  while  the  adult  possesses  only  a 
single  pair  on  either  aide  of  the  vulva.  Cases  of  such  a  hyper- 
mastism   and   hyperilielitm   are  also  well  known  in   the   human 


FlO.     29. — DlAURAHMATIC      RePRB8EIiTATION9     Of 

THB   Eably   Uevblophknt  o»  THB    Lkapins 
TvFES  or  Mahhart  Glands.     (Modified   from 

Cegenbaur.) 
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subject,  as  frequently  in  men  as  in  women.  The  accessory 
mammse  and  teats  are  usually  anterior  (above)  or  posterior  to  (below) 
the  normal  ones,  and  thus  form  with  them  two  converging  rows 
from  the  axillary  to  the  inguinal  region,  just  as  in  many  other 
Mammals  and  in  the  human  embryo,  at  a  certain  stage  of  which 
four  pairs  of  additional  rudiments  of  mammary  organs  can  always 
be  recognised.  There  is  thus  an  indication  of  normal  hyper- 
mastism  and  hyperthelism  in  human  ontogeny,  which  is  paralleled 
in  those  numerous  mammals  in  which  a  "  mamTnai^  ridge  "  or 
"line"  is  formed,  a  structure  which  is  probably  comparable  to  the 
"  marsupial  line "  forming  the  rudiment  of  the  pouch  in  Mar- 
supials. 

In  the  male,  the  mammary  apparatus  becomes  absorbed, 
though  frequently  at  birth  and  at  puberty  milk  is  produced  in 
the  human  subject.  Male  goats  and  castrated  sheep  have  also 
been  known  to  give  milk. 


B.  SKELETON. 


1.   EXOSKELETON. 


The  hai-d  exoakeleton,  consisting  of  bone  or  of  other  calcified 
tissues,  must  be  distinguished  from  the  homy  cxoskeleta)  parts 
already  described.  Thus  it  will  bo  remembered  that  the  term 
"  scale "  is  sometimes  used  fur  a  horny  epidermal  structui'e,  and 
sometimes  for  a  bony  dermal  one  (pp.  20  and  23). 

In  Cycloftomei,  scales  are  entirely  wanting. 

Elannolirancha. — The  integument  of  most  Elasmobranch 
Fishes  encloses  certain  hard  structures  each  consisting  of  a  basal 


',  luwal  or  «oukct-platc«  ii 


plate  or  socket  bearing  a  jrainted  spine  or  denticle  (Fig.  30),  differ- 
ing considerably  in  form  and  relative  size  in  the  various  members 
of  the  Order,  and  known  as  a  placoid  scale.  These  placoid  organs 
are  continually  being  formed  anew  throughout  life,  and  are  pro- 
tective in  function.  The  basal  plate  is  rhomboid  or  roundea  in 
form  and  consists  of  bony  tissue,  while  the  denticle  itself  is 
composed  of  detUhie  covered  over  with  enamel.  In  many  Rays, 
there  is  a  relatively  small  number  of  these  plauoida,  while  in  most 
Sharks  and  Dogfishes  they  are  much  more  numerous  and  close- 
set.     In  the  Electric  Rays  thev  are  wanting.     The  primary  part 
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is  the  enamel,  which  is  formed  as  an  excretion  of  the  epidermic 
cells  (Fig.  31),  while  the  later  formed  mesodermal  dentinal  and 
bony  portions  become  closely  connected  with  the  enamel  secondarily. 
Thus  the  enamel  is  the  first  and  originally  the  only  hard  substance 
of  the  placoid  organ. 

In  the  Holocephali  (ChimEera,  Callorhynchns)  a  double  row 
of  placoids  is  developed  along  part*  of  the  dorsal  region  in  the 
embryo,  but  disappear  in  later  stages :  in  the  adult  these  organs 
apart  from  the  spine  on  the  anterior  margin  of  the  dorsal  fin,  occur 
only  on  the  claspers  and  frontal  organ  of  the  male.' 

Telsottotnea. — In  these  Fishes,  ossifications  in  the  derm  to 
form  bony  scales  takes  place  independently  of  any  stimulus  from 


the  epiderm.  Thus  the  denticle,  which  in  Elasmobranchs  is  Vhe 
primary  cause  of  the  development  of  the  basal  plate,  gradually 
disappears  in  ontogeny,  and  the  latter  is  the  only  part  of  the 
placoid  organ  which  remains,  its  independence  being  retained 
in  the  formation  of  bony  skeletal  substance  in  higher  Vertebrates. 
In  Lepidosteus,  denticles  are  still  developed  in  the  skin  but 
are  quite  transitory,  and  this  primitive  method  of  starting  the 
formation  of  bony  tissue  is  again  met  with  in  the  Vertebrate  series 
in  connection  with  certain  parts  of  the  Amphibian  skull ;  here 
certain  bones  (vomer,  palatine,  pterygoid,  &c.)  which  originally 
served  as  supports  for  oral  teeth,  persist  even  if  the  teeth  dis- 
appejir,  as  they  have  become  an  integral  part  of  the  facial 
skeleton. 

'  In  tuldition  lo  tlio  onlinnry  placoiif  scales,  larger  or  smaller  spines  of  a 
Bimilar  elructure  may  become  developed  in  connection  with  the  dorsal  hn,  aronnil 
the  Brat  cartilaginoua  ray  {e.g.  Acantliiaa,  Trygoti,  Chima>ra).  In  the  Saw- 
fiih  (Pristia),  there  ia  a  double  row  of  large  denticles  on  the  long  rostrum. 
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It  is  therefore  evident  that  the  first  boDy  hard  substances 
of  the  Vertebrata  arise  in  connection  with  the  external  skin  and 
oral  mucous  membrane,  and  that  the  bony  integumentary  skeleton, 
or  exoskeleton,  is  therefore  phylogcnetically  older  than  the  bony 
internal  skeleton  or  endoskeleton.  The  latter  owes  its  origin 
to  a  gradual  extension  of  the  exoskeleton  from  the  surface  to 
deeper  parts,  where  it  takes  on  relations  to  the  cartilaginous  endo- 
skeleton. An  independent  ossification  of  the  perichondrium,  or 
membrane  which  invests  the  cartilage,  may  also  take  place,  so 
that  bone  and  cartilage  now  combine  in  the  formation  of  the 
skeletal  framework  and  thus  further  complications  arise.  To 
the  original  dermal  ossification  is  added  a  formation  of  bone  in 
the  perichondrium,  and  finally  even  a  secondary  endochondral 
oss?ification  may  occur,  replacing  the  cartilage  :  the  former  is  most 
marked  in  the  Anamnia,  the  latter  in  the  Amniota,  and  the  result 
of  both  is  usually  the  subjection  of  the  cartilaginous  tissue  in 
the  struggle  of  the  tissues  in  the  organism. 

In  most  Ganoids,  thick  plates,  usually  rhombic  in  form,  are 
present  in  the  skin ;  in  the  bony  Ganoids  (Polypterus,  Lepidosteus)  * 
these  cover  the  entire  body,  their  margins  being  in  apposition. 
These  ganoid  scales  correspond  to  the  deeper  part  of  the  placoid 
bc^al  plates.  Their  surface  is  dense  and  smooth,  owing  to  the 
presence  of  a  layer  of  ganoin,  of  mesodermal  origin,  and  formerly 
erroneously  described  as  enamel.  The  exoskeleton  was  largely 
developed  amongst  fossil  Ganoids. 

The  scales  of  Teleosts  are  usually  thin,  and  of  the  form  known 
as  cycloid  or  ctenoid ;  in  the  former  the  whole  margin  is  smooth, 
while  in  the  latter  the  posterior  margin  is  toothed  and  comb-like, 
but  various  intermediate  stages  occur.    The  scales  are  arranged  in 
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Fig.  32.— Diagrammatic  Longitudinal  Section  through  the  Skin  of  a 
Teleostean,  to  show  the  Relation  op  the  Bony  Scales.  (From  Boas's 
Zoology,) 

It  derm ;  o,  epiderm  ;  /),  scale. 

oblique  rows  and  are  situated  directly  beneath  the  epiderm,  the 
individual  scales  not  touching  one  another.  Secondarily,  they 
usually  come  to  lie  within  definite  pockets  or  sacs,  and  to  overlap 
one  another  like  tiles  on  a  roof  (Figs.  18  and  32).  The  surface 
of  the  scales  may  be  sculptured. 

In  the  developing  scjvle,  a  superficial  dense  portion,  formed 

^  In   Amia  the  scales  have  a  ** cycloid"  form,  and  in  the  adult  Polyodon 
they  are  absent. 
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from  cells  and  corresponding  to  the  dentinal  layer  of  the  basal 

f)late,  can  be  distinguished  from  a  deeper  part  composed  of  several 
ayers  of  connective  tissue :  each  of  these  becomes  independently 
ossified  in  a  typical  manner. 

Numerous  other  forms  of  the  dermal  skeleton  are  met  with  in 
Teleosts.  In  some  of  these  Fishes  {e.g.  Plectognathi,  Lopho- 
branchii,  certain  Siluroids)/  as  in  many  of  the  earliest  Palaeozoic 
Vertebrates  (Ostracodermi),  bony  scutes  are  developed  and  form  a 
strong  cuirass.  In  others,  again  {e.g.  many  Siluroids  and  Eels),  the 
scales  may  be  reduced  or  absent.  The  bony  dermal  fin-rays  or 
"  leptotrichia "  of  Teleostomes  possibly  correspond  to  modified 
scales. 

Dipnoans. — In  the  Dipnoi,  as  in  the  Teleostomi,  the  scales 
are  not  directly  derivable  from  the  Elasmobranch  placoids.  In 
form,  in  their  overlapping  arrangement,  and  in  their  situation  in 
pockets  of  the  derm,  they  resemble  the  cycloid  scales  of  Teleosts ; 
but  this  similarity  must  have  come  about  independently  in  the 
two  cases,  that  is,  must  be  due  to  convergence. 

Amphibians. — Recent  Amphibians  have  retained  only  very 
slight  traces  of  such  a  dense  integumentary  bony  armour  as  was 
present  in  the  fossil  Stegocephali.  Amongst  these,  specially  strong 
dermal  plates  were  formed  in  the  region  of  the  shoulder-girdle,  and 
very  commonly  most  of  the  body  was  covered  with  scales.  A  series 
of  oblique  and  bilaterally  symmetrical  rows  of  scales  covered  the 
entire  ventral  surface  between  the  shoulder-  and  hip-girdles,  a 
further  differentiation  of  which  results  in  the  scales  no  longer 
overlapping,  but  forming  short  parallel  rods,  which  correspond 
to  the  so-called  "  abdominal  ribs  '*  ("  parasternal  elements ")  of 
certain  Reptiles.  As  examples  of  exoskeletal  structures  in  exist- 
ing forms  may  be  mentioned  the  bony  plates  in  the  skin  of  the 
back  of  certain  Anura  (Cemtophrys  dorsata  and  Brachycephalus 
ephippium),  as  well  as  the  scales  lying  between  the  ring-like  folds 
of  the  limbless  Amphibia  (Gymnophiona).  The  latter  resemble 
in  many  respects  the  scales  of  Fishes,  and  may  be  derived  from 
such  a  scaly  covering  as  that  of  the  Permian  Salamander  Dis- 
cosaurus. 

Reptiles. — The  dermal  skeleton  was  very  highly  developed 
amongst  fossil  Reptiles,  e.g.  certain  Dinosaurs,  such  as  the  Jurassic 
Stegosauridae,  in  which  enormous  bony  plates  and  spines  covered 
with  horn,  sometimes  as  much  as  sixty-three  centimetres  long, 
were  present  in  the  dorsal  region.  Teleosaurus  and  Aetosaurtis 
(Crocodilia),  as  well  as  some  of  the  gigantic  Cretaceous  Dinosaurs, 
(Ceratopsidaj),  possessed  a  strong  exoskeleton. 

Amongst  existing  Reptiles  a  series  of  well-developed  "abdo- 

^  In  these  Siluroids,  the  bony  plates  may  bear  sockets  in  which  denticles, 
consisting  of  dentine  and  enamel,  are  implanted.  But  although  denticles  are 
retained  in  these  cases,  tliey  do  not  contribute  to  the  formation  of  the  basal  plat.e8» 
as  in  Elasmobranclis. 
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minal  ribs"  (cf.  p.  42)  arc  present  in  Hatteria  in  the  rectus 
abdominis  muscle,  each  consisting  of  a  median  and  of  a.  paired 
lateral  bar,  and  being  considerably  more  numerous  than  the  body 
metamercs.  In  Crocodiles  similar  bars  are  present,  their  number 
corresponding  with  that  of  the  ribs :  they  no  longer  reach  the 
middle  line,  and  with  the  exception  of  the  first,  each  consists,  on 
either  side,  of  two  firmly  united  portions.  Evidently  these  structures 
have  here  begun  to  undergo  reduction. 

Crocodiles,  many  Lizards  (Anguis,  Cyclodus,  Scincus),  and  more 
especially  Chelonians,  exhibit  a  well-developed  dermal  skeleton, 
the  scutes  composing  which  cover  the  body  more  or  less  completely. 
In  the  last -mentioned  group  there  is  a  dorsal  and  ventral  shield 
(carapace  and  plastron)  consisting  of  numerous  more  or  less  closely 
united  pieces,  and  completely  encircling  the  body  (Fig.  33).     The 


Fio.  33.—^,  Carapacb,  nnd   B,  PLAarsos   or  a  Youm:  Taliido  itritra; 
C,  Plastron  of  Chdune  midiu. 
G,  coetnl  pUlea  ;   S,  entopttiBtron  ;   Ep,  epipUatron  ;    Up,    hvpoplastioii ;    Hy, 
hvoplastron  ;   M,   DiBrginal    plalos ;   V,  noiiml  pliit«i ;   }/p,  Duchal  plate ; 
Fg,  pyHBl   plates ;  if,  ribs ;  Xi,  jtiphj plastron.     ( V  indicates  the  aDtorior, 
and  /f  the  posterior  margin.} 


plastron,  the  larger  posterior  portion  of  which  probably  corresponds 
to  greatly  modified  abdominal  ribs,  arises  entirely  by  ossification 
of  trie  derm ;  while  parts  of  the  carapace  have  a  close  relation  to  the 
endoskeleton  (neural  arches  and  ribs),  which  early  in  development 
became  broadened  out  into  plates.  At  the  same  time,  the  inter- 
costal muscles  disappear  completely,  and  the  muscles  of  the  back 
undei:go  partial  reduction,  while  the  articulations  of  the  vertebra 
and  nbs  disappear.  The  nuchal,  pygal,  and  marginal  plates  (cf. 
Fig.  33)  are  entirely  intlcpondent  of  the  endoskelcton — that  is,  are 
purely  exoskcletal  bones ;  while  the  costal  and  neural  plates 
correspond  to  much  thickened  periosteal  bones  developed  around 
the  cartilaginous  ribs  and  neural  spines  respectively ;  though  they 
arc  subcutaneous  in  position,  they  have  nothing  to  do  with  the 
skin  genetically. 
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Reference  has  already  been  made  to  the  dermal  bones  amongst 
fossil  Fishes,  Amphibians,  and  Reptiles,  and  certain  of  these  in 
the  antero-ventral  region  of  the  trunk  are  of  special  interest,  as 
they  are  represented  in  certain  Reptiles  by  a  bone  known  as  the 
epistei^num,  which  underlies  the  sternum.  Though  always  arising 
as  a  paired  structure,  the  epistemum,  which  is  present,  e,g.^  in 
Palseohatteria,  most  Lizards  (Fig.  56)  and  Crocodiles,  forms  in  the 
adult  an  unpaired  plate  of  varied  form.  It  is  wanting  in 
Chamseleo,  Anguis,  Ophidia,  and  Chelonia.^ 

Birds. — Reduced  abdominal  ribs  occur  in  the  primitive 
Archajopteryx,  otherwise  no  fossil  or  existing  Birds  possess  a 
dermal  exoskeleton,  and  no  independent  elements  corresponding 
to  an  epistemum  can  be  recognised  even  in  the  embryo:  they 
have  evidently  long  ago  disappeared. 

Mammals.^ — Armadillos  are  the  only  Mammals  possessing  a 
bony  exoskeleton,^  which  consists  of  a  series  of  five  movable 
transverse  bony  scutes  covering  the  head,  neck,  and  body,  and  of 
smaller  plates  on  the  tail  and  limbs.  Sparse  hairs  occur  between 
these  plates.  It  is  very  doubtful  whether  this  exoskeleton  has 
been  derived  from  that  of  Reptiles:  more  probably  it,  like  the 
homy  exoskeleton  of  Manis  (p.  31),  has  arisen  secondarily,  and  in 
consequence  of  its  development  the  hairs  have  become  reduced. 
In  Glyptodon,  a  large  fossil  member  of  this  ^oup,  the  dermal 
plates  were  firmly  united  together  to  form  a  shield  which  covered 
the  whole  body. 


2.   ENDOSKELETON. 

Under  the  term  exoskeleton  are  included  the  bony  parts 
which,  as  a  rule,  remain  throughout  life  in  connection  with  the 
integument :  the  endoskekton  consists  mainly  of  cartilaginous  fimd 
bony  parts,  all  of  which  have  a  deeper  position.  The  cartilaginous 
portions,  which  in  their  entirety  constitute  the  primordial  endo^ 
skeleton,  have  undoubtedly  from  the  first  arisen  in  this  position, 
and  for  a  long  period  formed,  together  with  the  notochord, 
the  entire  internal  skeleton,  as  they  practically  do  at  the  present 
day  in  Elasmobranchs  as  well  as  in   Cyclostomes.     As  already 

^  Unless  the  element  of  the  plastron  marked  E  in  Fig.  33  is  to  be  interpreted 
as  such. 

'  A  certain  part  of  the  anterior  end  of  the  sternum,  as  well  as  certain  carti- 
laginous and  bony  elements  in  the  region  of  the  sterno-clavicular  articulation,  are 
sometimes  said  to  correspond  to  the  lost  remains  of  the  dermal  epistemum  of 
lower  forms ;  but  as  further  proofs  are  required  before  such  a  homology  can  be 
definitely  accepted,  the  term  proateinium  has  been  proposed  to  include  the 
elements  in  question  (cf.  under  Sternum). 

*  It  is  possible  that  tlie  peculiar  horny  tubercle  in  the  region  of  the  dorsal 
fin  in  certain  Cetaceans  may  represent  the  last  vestiges  of  a  dermal  bony  arma- 
ture such  as  was  present  in  the  extinct  Zeuglodon. 
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mentioned  (p.  41),  bone  may  be  developed  in  connection  with 
this  primordial  skeleton  and  may  arise  in  two  different  ways.  It 
may  be  formed  in  parts  which  are  not  superficial ;  or  bony  elements 
may  become  associated  with  the  cartilaginous  skeleton  which  are 
derived  phylogenetically  from  the  exoskelcton  but  which  in  course 
of  time  have  taken  up  a  deeper  position :  these  become  secondarily 
connected  with  the  bones  which  have  arisen  independently  in  this 
position.  In  order  to  determine  as  to  which  of  these  two 
categories  any  particular  bone  belongs,  an  appeal  to  comparative 
Embryology  is  necessary. 

The  relations  of  a  bone  to  the  cartilaginous  skeleton  may  be  of 
such  a  nature  that  it  merely  becomes  applied  to  the  outside  of  the 
cartilage,  when  it  may  be  described  as  an  investing  hone.  A  bone 
may,  however,  originate  in  the  perichondrium  or  membrane  which 
covers  the  cartilage,  and  then,  in  the  course  of  phylogenetic 
development,  may  invade  and  replace  the  cartilage :  in  other 
words,  pe7*ictiondral  bone  may  become  endochondral}  The  cartilage 
beneath  investing  bones  may  gradually  disappear  in  the  course  of 
time,  and  occasionally  a  bone  which  was  originally  perichondral 
may  attain  apparent  independence  by  the  loss  of  tne  cartilage 
around  which  it  was  formea  in  the  first  instance. 
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An  elastic  rod,  the  notochord,  or  chorda  dorsalis,  lying  in  the 
longitudinal  axis  of  the  embryo  between  the  neural  and  visceral 
tubes  (cf  p.  6),  is  the  first  part  of  the  endoskeleton  to  be  formed, 
and  is  the  primitive  forerunner  of  the  vertebral  column.  It  is 
developed  as  a  ridge  of  the  primary  endoderm,  from  which  it 
becomes  constricted  off,  and  is  therefore  of  epithelial  origin.  In 
the  large  parenchyma-like  cells  of  which  it  is  composed  vacuoles 
soon  appear,  and  eventually  only  the  walls  of  the  cells  persist  in 
the  greater  part  of  the  notochord;  these  become  flattened  by 
mutual  pressure,  so  that  they  appear  like  a  meshwork  of  pith-cells 
(Fig.  34,  A,  b).  At  the  periphery,  however,  the  cells  retain  their 
protoplasm,  becoming  flattened  and  arranged  like  an  epithelium. 
Around  the  notochord  two  homogeneous,  cuticular  sheaths  are 
successively  developed  from  its  cells.  The  primary  dceath  is  first 
secreted  by  the  peripheral  notochordal  cells :  the  thicker  secondari/ 
sheath,  which  has  a  similar  origin  from  the  so-called  "  notochordal 
epithelium,"  appears  later. 

From  the  surrounding  mesoderm  a  skcletogenous  layer  is 
developed:  this  not  only  surrounds  the  notochord,  but  extends 
dorsally  to  it  as  well  as  ventrally.  Thus  a  continuous  tube  of 
embryonic  connective  tissue  is  formed  enclosing  the  spinal  cord, 

'  The  unsatisfactory  terms  "membrane-bones"  and  "cartilage"  bones  are 
usually  used  in  describing  the  investing  and  replacing  bones. 
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A  ^  B         y~~^  C 


TBE   NOTOCBOBDAL 


as  the  mesiMlerniic  skeletogenoua  layer  {si.l). 

B. — Later  ataee,  in  which  tho  central  notochurdal  cells  {nc)  have  become 
vacuolated,  antl  the  peripheral  cells  have  given  rise  to  the  "  notochordal 
epithelium"  (tie.  ep.)  from  which  the  aecondacy  sheiith  (ah']  is  derived: 
p&ired  dorsal  and  ventral  cartilages,  or  arcualia  {li.a,  v.a)  have  arisen  in  the 
akeletogenouB  layer  (Cycluatonica,  Cartilaginous  Ganoids), 

C — Ctinilage  cells  have  passed  through  the  primary  sheath,  and  are  invading 
the  secondary  Hhsath  (Elasmobrancliii,  Dipnoi). 

D, — The  cartilages  are  growin^j  round  the  notochord,  outside  its  sheaths,  which 
gradually  become  reduced  [Uony  Ganoids,  Ttlcostei,  Amphibia,  Amniota). 

{A  —  D  represent  the  caudal  region,) 

IS, — A  later  stage  in  tho  development  of  a  pre-caudal  vertebra.  The  notochord 
(rf)  hae  become  constricted,  and  the  cartilages  have  united  into  a  aingle 
mass  and  have  given  rise  to  a,  cuntruiii  (r),  neural  arch  (n.a),  neural  spiae 
(n,)^),  transverse  processes  f,ir.p),  and  articular  processes  (art). 

and  only  broken  through  at  the  points  of  exit  of  the  spinal 
nerves.  This  stage  is  often  known  as  the  membranoiis  stage,  and 
in  it  no  indication  is  seen  of  the  metaineric  segmentation  which 
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occurs  later  in  the  vertebral  axis.  The  cause  of  this  segmentation 
is  to  be  traced  primarily  to  the  muscular  system  ;  and  it  is  evident, 
on  mechanical  grounds,  that  the  segmentation  of  the  vertebral 
column  must  alternate  with  that  of  the  muscular  segments  or 
myotomes.  Small  paired  and  segmentally  arranged  masses  of 
cjirtilage  later  appear  in  the  skeletogenous  tissue  dorsally  and 
ventrally  to  the  notochord,  and  these  represent  the  rudiments  of 
the  vertebrcp  (Fig.  34,  B,  E).  This  is  the  beginning  of  the  second 
or  cartilaginous  stage  of  the  vertebral  column  ;  and  now  ossification 
may  occur  (bony  stage).  Those  parts  of  the  fibrous  tissue  which 
do  not  become  consolidated  in  this  manner  give  rise  to  the  ligainerUs 
of  the  vertebral  column. 

Two  different  modes  of  development  of  the  vertebral  column 
from  the  above-mentioned  dorsal  and  ventral  cartilages  or  arcualia 
may  be  observed.  In  Elasmobranchs  and  Dipnoans  the  secondary 
notochordal  sheath  undergoes  a  fibrillar  degeneration,  and  becomes 
invaded  by  cartilage-cells  from  the  arcualia  which  break  through 
the  primary  sheath  at  these  points  (Fig.  34,  c)  and  gradually  extend 
so  as  to  surround  the  notochord,  thus  forming  a  cartilaginous 
sheath  which  may  undergo  segmentation  to  form  a  series  of 
vertebral  bodies  or  centra ;  the  arcualia  at  the  same  time  extend 
dorsally  and  ventrally  respectively  to  form  the  vertebral  (neural 
and  hwmal)  arches.  In  other  cases  (e.g.  Bony  Ganoids,  Teleosts, 
Amphibians,  and  Amniota),  the  arcualia  extend  at  their  bases 
round  the  notochord  so  as  completely  to  surround  it  without 
penetrating  the  primary  and  secondary  sheaths  (d).  The  centra 
which  are  then  formed  by  segmentation  of  this  perichordal 
cartilage  may  be  described  as  perichordal  centra,  to  distinguish 
them  from  the  chordal  centra  of  Elasmobranchs  and  Dipnoans. 

During  these  differentiations  of  the  skeletogenous  tissue,  the 
notochord  suffers  a  very  different  fate  in  the  various  Vertebrate 
groups  ;  it  may  increase  in  size  and  persist  as  a  regular  cylindrical 
rod,  or  it  may  become  metamerically  constricted  by  the  formation 
of  the  vertebral  bodies,  and  even  entirely  disappear.  In  all  Verte- 
brates above  Elasmobranchs,  the  embryonic  vertebral  column  is 
relatively  shorter  than  the  notochord  around  which  it  is  formed, 
and  thus  there  has  been  a  phylogenetic  reduction  in  length  of  the 
axial  skeleton.^ 

Amphiozus. — The  notochord  of  Amphioxus  exhibits  many 
primitive  as  well  as  special  characters.  It  extends  along  the 
whole  length  of  the  animal,  whereas  in  the  Craniata  it  always 
ends  anteriorly  below  the  brain  just  behind  the  pituitary  body. 

^  An  ephemeral  structure,  the  mihnotochordal  rod  or  hyjxKhorda^  occurring  in 
embryos  of  Fishes  and  Amphibians,  may  Ixi  briefly  referred  to  in  this  place.  It 
arises  as  a  longitudinal  furrow  or  ridge  of  the  cnaoderm  in  the  head  and  trunk, 
on  the  dorsal  side  of  the  gut,  with  which  it  may  for  a  time  remain  in  connection, 
but  eventually  becomes  constrict^nl  off  as  a  rod  lying  beneatli  the  notochord.  It 
soon  undergoes  degeneration,  but  traces  of  it  may  persist  as  an  elastic  Imnd.  It 
seems  probable  that  this  structure  is  a  vestige  of  the  epipharyngeal  groove  of 
Amphiozus. 
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A  delicate  primary  sheath  is  present  and  is  surrounded  by  con- 
nective tissue  which  is  coatinuous  with  that  enclosing  the  neural 
canal  and  separating  the  muscular  BOgments  or  myotomes. 

Oycloitomei. — In  these,  as  in  all  the  true  Fishes,  only  two 
regions  can  be  distinguished  in  the  vertebral  axis,  a  trv.jik-  or  pre- 
eaudal  region,  and  a  caudal  region.  An  advance  on  the  primitive 
condition  in  Amphioxus  is  seen  in  the  development  of  a  thick 
secoadary  sheath  and,  at  any  rate  in  the  caudal  region,  of 
cartilaginous  elements :  in  the  aldult  Petromyzon  these  are  present 
all  along  the  notochord  in  the  form  of  rudimentary  neural  arches, 
which,  however,  do  not  meet  above  the  spinal  com  (cf.  Fig.  34,  b), 
and    of   which  there  are  two  pairs  to  each   muscular  segment 


35  —Portion 

I  Vertebral  Coluum  c 
oi-  part  of  the  body). 

Ao,  aorta;  C,  notochord  ;  Ee,  primary,  and  C»,  secondary  aheath  of  the  noto- 
chord ;  EL,  longitudinal  elastio  band  ;  Fo,  meilian  ingrowths  of  the  lower 
arches  enclosing  the  aorta  ventrally  ;  /<■,  intercalary  pieces  (inler'doraal  and 
in  ter- ventral) ;  M,  spinal  cord;  Ob,  upper  ttrch  (baai-dorBal) ;  P,  pi* 
mater ;  Pi,  neural  spine ;  SS,  xkeletogunoua  layer ;  Ub,  lower  arch  (basi- 
ventral ;  Z,  "hsaaX  atumpu"  of  the  lower  arches. 


Fio.  37.— Portion  of  th 
C,  notochord ;  DF,  p 
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urol  spine ;  FS,  fin-ray ;  FT,  intertpinoiu  bone. 


or  myotome  (cf.  Elasmobranchs).  In  the  tail  hromal  arches,  encloa- 
ing  the  caudal  aorta  and  vein,  are  also  present,  and  fusion  of  the 
cartilaginous  elements  occurs. 

Fishes. — To  the  condition  found  in  Cyclostomes,  that  seen  in 
the  Cartilaginous  Ganoids,  Eolocephali,  and  Dipnoi,  is  directly 
comparable  :  the  notochord  is  persistent,  no  centra  being  formed, 
as  was  also  the  case  in  the  most  primitive  Falieozoic  Elasmo- 
branchs, and  thus  the  metameric  character  of  the  skeletal  axis 
is  only  seen  in  the  arches  (Figs.  35,  36,  and  37),  In  the 
Holocephali  and  Dipnoi,  however,  the  thick  secondary  sheath 
I  cartilage  cells  amongst  its  fibres.     In  Chimsera  narrow 
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»ilciti(>d  rirign  are  also  developed  in  the  shcHth  :  these  iire  con- 
siderably' more  luniieruuH  than  tin*  arches.  The  latter  i-einuin 
cartilaginous  in  the  Cart iiiigi nous  Cianoids  and  Holocophali,  but 
become  densely  ossiticd  in  the  Dipnoi  (Fig.  37).  The  upper  arches 
may  be  completed  above  by  yicural  ^'-nes.  In  the  caudal  region 
the  ha-mal  arches  usually  enclose  the  caudal  aorta  and  vein  com- 

filetely ;  further  forwards  the  cartilages  do  not  meet  in  the  middle 
ine  below,  thus  onlysurrounding  the  ctelome  to  a  slight  extent,  and 
consequently  the  lower  arches  end  on  cither  side  in  a  laterally- 
directed  eai'tilaginiius  projection,  the  transverse  jnwtss  or  "basal 
slump." 

The  relatiouii  of  the  arches  in  PlaijioUowes,  Jiony  Ganoids,  and 
Teleoais  are  similar  to  those  described  above,  but  their  stnicture 
is  more  compliaited  in  all  Fishes  than  is  there  indicated. 

The  upper  arches,  which  in  many  Fishes  ore  not  closed  in 
dorsally,'  consist  on  either  side  of  several  distinct  elements,  which 


Fill.  18. — Portion  ok  the  Vi!HTKiiK.kL  Column 


are  most  plainly  distinguishable  iii  Cartilaginous  Fishes.  One  of 
these  (directly  abtjve  the  centrum  where  such  is  developed)  may 
be  described  as   the  hasidorsal    or  neural  plate,   and   is  usually 

iierforated  by  the  foramen  for  the  motor  root  of  a  spinal  nerve. 
ntercalated  between  successive  basidorsals  is  another  cartilage, 
the  interdorsal  {intevcalarif  piece,  or  intenieural  plate),  through 
which  the  sensory  root  of  a  spinal  nerve,  situated  anteriorly  to  tne 
corresponding  dorsal  root,  usually  posses:  both  these  cartilages 
may  meet  above,  so  as  to  complete  the  orch  (Fig.  38).  In  some 
cases,  more  than  one  intercalary  piece  is  present  on  either  side, 
and  frequently  another  series  of  cartilages  becomes  segmented  off 
from  the  basidorsals  and  interdorsals  respectively  to  form  the 
keystone  of  the  arch  :  these  give  rise  in  the  median  line  to  more 
or  less  morked  neural  spines.  The  bases  of  this  series  of  upper 
intercolary  pieces  or  supradorials  fit  in  altemotoly  between  the 
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basidorsals  and  interdorsals,  and  thus  may  be  twice  aa  numerous 
as  the  centra  (Fig.  39).'  The  lower  arches  consist  of  basiveiUral 
cartilages,  between  which  are  sometimes  intercalated  a  series  of 
intervejitrals  (Fig.  36),  and  which,  in  the  tail,  are  produced  into 
hmmcd  ^nes  these  maj  be  formed  of  distinct  infraventTol 
elements. 

In  Ihpnoans  the  interdorsals  and  interventrais  are  fused  or 
wanting,  and  in  Bony  Ganoids  and  Teleosts  the  various  elements 
usually  become  united  m  the  fully  formed  vertebra.     Distinct  fused 


fc-f' 


A  and  B,  fmm  the  trunk  ;  C  and  D,  from  the  middle  of  the  tail ;  A  and  C,  two 
vertebra  in  longitriidinal  section  ;  B  and  D,  single  verUbrfs  viewed  from  ooe 
end ;  6,  cslci 6 ed  portion  of  centrum  ;  f,  centrum  ;  /or,  foramen  for  dorsal, 
tmd/or',  for  ventral  root  of  apinal  nerve;  h.a,  humal  arch  (basi  -  ventral ) ; 
k.c,  htemal  canal ;  h.tp,  hfemal  spine ;  i.n.p,  intercalary  piece  (iDterdorsal, 
or  intemeural  plate) ;  n.a,  neural  arch  ;  ii-c,  neural  canal ;  n.p,  neural  plate 
tbasi-dorsal) ;  n.ap,  neural  apine  ;  tUr,  intervertebral  substance  (remains  of 
notochord) ;  r,  proximal  portion  of  rib ;  Ir.pr,  transverse  process  (basal 
stump). 

pairs  of  supradorsals,  however,  persist  and  remain  unossified  in 
Lepidosteua  (Fig.  42),  and  in  the  caudal  region  of  Amia  the  basi- 
dorsals and  basiventrals  remain  separate  from  the  interdorsals  and 
interventrais,  thus  giving  rise  to  double  vertebral  bodies  (pre- 
cenlra,  bearing  the  arches,  and  archless  postcentra).  A  somewhat 
similar  condition  is  seen  in  the  Jurassic  Eurycormus  and  other 
fossil  Ganoids.  From  what  has  been  said  above,  it  will  be  seen 
that  the  number  of  arch  elements  does  not  necessarily  correspond 
'  It  was  mentioned  on  p.  48  that  in  the  Lamprey  there  are  two  pair*  of 
arcnalia  to  each  myotome  :  it  is  possible  that  they  correspond  to  alternating 
basidorsals  and  interdorsaU. 
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with  that  of  the  conti-a,  or  the  number  of  the  Inttor  with  that  of 
the  iiiyutuineH. 

Articular  ]ii-oceswoH  (zi/ffajifiiki/sat)  art'  usually  present  on  the 
neural  arches  of  Bony  Fishes. 

In  flagiostomes,  the  cartilage  which  baa  invaded  the  sheath  of 
the  notochord  is  segmented  into  definite  vertebral  centra,  which 
become  partially  calcified  in  various  ways.  Tije  calcification  (Fig. 
40)  may  in  each  centrum  take  the  form  of  a  double  cone,  con- 
stricted in  the  middle,  aa  in  Scymnua  and  Acanthias  {ct/do- 
tpondylie  form) ;  concentric  layers  may  be  added  to  this,  as  in  the 
Rays  Ittcto^ondylie) ;  or  longitudinal  plates  may  be  formed  radiating 
outwards  from  the  double  cone,  aa  in  Scyllinm  {asttroepondylic). 
The  dorsal  and  ventral  archea  iisiially  extend  round  the  centrum 


Klii.    40.-I>IAIlRAM.WATIlT    TRA^SVBRt^B     Slt^TIC>^ 

Cvrixisi-oNDVUf   (Ai,   a    Tkttiwpokdvmc;   (It),   and   ax   AnTKHOspoSDyMi; 
Vkrtkmia  (C).     (FriJtn  ZitU-l,  utter  Hnwie.) 

d,  midiUe  portion  of  the  cali'itieil  doul>lo  cone  ;  i^,  adililional  coni^entric  calcificil 
kjrcrs  ;  if,  double  cone  with  railiating  cftlcifiwi  layern  ;  'x.m,  external  elsHtic 
membrane  ;  A. a.  hK'inat  uixih  ;  ti.«,  neural  arch  ;  n.c,  iiotj>chonla1  csvity. 

SO  as  to  enclose  it,  and  in  the  tail  there  may  be  two  or  more  sets  of 
vertebral  elements  to  each  body  KCginent^ 

In  Bony  Ganoids  and  Tdeosts,  there  is  a  tendency  towards  a 
reduction  of  the  cartilage  ;  that  which  forma  the  centra  is  entirely 
outside  the  notochordal  sheaths,  and  the  vertebrre  become  more  or 


In  the  course  of  development  of  the  centra  in  all  cases,  the 
notochord  becomes  constricted  by  the  growth  of  the  cartilage  at 
regular  intervals  while  the  latter  undergoes  segmentation  into 
centra.  E^h  point  of  constriction  corrcaponda  to  the  middle  of  a 
centrum,  i.e.,  it  is  intravertebral  in  position,  and  the  notochord 
may  here  disappear  entirely;  intervertobrallyit  remaina  expanded 

'  In  Ra^  And  Chimn^roids  the  anterior  vertebral  clenieiite  become  fused 
into  a  single  masn,  on  which  a  definite  condyle  i«  formed  tor  arlioiilation  with  the 
■knil ;  amongit  Sharks  and  in  DipnonnRolsu.  a  c<>ncreaci-nce  of  the  anterior  vertobrnl 
elemente  with  one  another  and  with  the  skull  may  occur. 
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and  so  persists  as  a  kind  of  connecting  or  packing  substance 
between  cuntiguous  centra,  which  are  consequently  of  a  deeply 
bwoncave  or  ampkiaclous  form  (Fig.  41). 

One  of  the  Bony  Ganoids,  Lepidostcus,  forms  a  marked  excep- 
tion to  other  Fishes  a&  regards  its 
J  vertebral  column,  inasmuch   as  de- 

JinJCa       £i  finite  articulations  are  formed  be- 

tween the  centra  (Fig.  42).  A  con- 
cavity is  formed  at  the  hinder  end  of 
each  centrum  which  articulates  with 
a  convexity  on  the  vertebra  next  be- 
hind {opisthoaelous/orm).  The  noto- 
chord  (except  in  the  caudal  region) 
entirely  disappears  in  the  adult ;  in 
the  larva  it  is  seen  to  be  expanded 
intravertebrally  and  constricted  in- 
tervertebral ly,  a  condition  of  things 
which  apjreara  again  in  the  higher 
types,  as.  for  instance,  in  Reptiles. 
In  a  still  earlier  larval  stage,  how- 
tikginouB  waaa  lying  betweEii  ever,  the  constrictions  are  intra- 
the  fariilaginous  Eoo«8  which  vertebral,  iis  In  other  Fishes. 
A'li     outer     and   Kn',   inner,  ^"^  skeleton  ol  the  postotior  end 

zone  of  cartilage ;  Li,  iiivcitc-    of  the  tail  in  Fishcs  requires  special 
bral  tigameiit.  notice,  and  the  condition  in  Amphi- 

oxus,  Cyclostomes,  and  Bipnoans, 
may  be  taken  as  a  starting-point.  In  these,  the  notochord  extends 
straight  backwards   to  the  hindei-  end  of  the  body  and  is  sur- 


a.  41.  —Portion  or  xn 
BRAi.  Column  of  i 
UiMiFiSH  (Scyllinm  • 
(After  Cartier.) 

notochord  ;  FK,  the  fibro-ei 


Fin.  42.— PoBTiOK 


Lepi'loetfiis.     (After  Bnlfour 


A ,  vertcbni  from  anterior  siirfiicc  ;  B,  two  vertebrre  f i-oni  the  aitJo. 
fionvex  face,   and  ch',  posMrior  concave  face  of  centmni ;  h.a, 
procosa ;   i.r,   intercalary  cartilages  (fused   Bupra-inlerdoraalB) ;    i.e,    \atet- 
apinous  bone  ;  /,  I,  longitudinal  ligamunt ;  ii.n,  upper  arch  (baai -dorsal). 

rounded   quite   symmetrically   by   the    tuil-fin,   and    the   tail   is 

therefore  spoken  of  sis   diphyccrml :   this  condition  is  also   met 
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with  in  certain  Palaeozoic  Fishes.  In  nnwt  otber  Fishes  the 
ventral  part  of  the  tail-fin  with  its  siipporting  skeleton,  as  a 
result  of  unequal  j^wth,  is  more  strongly  aeveloT>od  than  the  dorsal 
jiart,  and  the  vertebral  column  becomes  bent  up  dorsally,  giving 
rise  to  a  licterocercal  tail.  This  form  of  tail  may  be  recognised 
externally  in  most  Elasmobranchs,  Ganoid.s,  and  numerous  fossil 
Fishes,  or  may  be  masked  by  a  more  or  less  symmetrical  tail-fin, 
as  in  LepidosteuB,  Amia,  and  more  particularly  in  most  Teleosts, 


Fill.  43a.— Tail  iir  Lepidotlf.u*. 


in  which  the  hctcrocercal  character  is  only  visible  internally, 
and  the  tail  is  described  as  homocercal  (cf.  Figs.  43,  A  and  B). 
The  [K>fiterior  end  of  the  vertebral  column  is  then  frequently 
represented  by  a  rod-like  urosti/k,  and  in  Teleasts  one  or  more 
wedge-shaped  hyjmrul  Ijonex  (ciilargM  hn'mnl  arches)  generally 
occur  directly  bt'ucath  it.' 


'  The  aiphjeo 


lirolublj'  n 
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As  a  rule  Elasinobranchs  and  Ganoids  possess  a  greater  number 
of  vertebrae  (up  to  nearly  400)  than  Teleosts,  in  which  we  seldom 
meet  with  more  than  70 :  the  Eel,  however,  possesses  more  than 
200,  while  amongst  the  Plectognathi  there  may  be  as  few  as  15. 

The  tendency  towards  a  fusion  of  the  various  components  such 
as  occurs  in  the  ossified  vertebrae  of  Bony  Ganoids  and  Teleosts  is 
also  seen  in  the  Amphibia  and  Amniota,  the  notochord  being  of 
less  importance  and  the  vertebne  becoming  more  consolidated  and 
secondarily  modified  in  various  directions.  Thus  the  homology  of 
the  different  elements  of  which  they  are  composed  can  only  be 
traced  by  a  study  of  their  development ;  but  even  in  the  adult, 
parts  are  frequently  present  which  recall  the  primarily  composite 
nature  of  the  vertebrae,  as  will  be  seen  in  the  following  pages. 

Amphibians. — Amongst  Amphibians,  the  vertebral  colunm  is 
more  or  less  distinctly  differentiated  into  cervical,  thoraco-lumbar, 
sacral,  and  caudal  regions,  and  these  regions  can  be  recognised, 
except  in  certain  modified  types,  in  all  the  higher  Vertebrates.  On 
account  of  the  absence  of  extremities  in  Caecnians,  there  is  no  sacral 
region,  and  in  Anura,  the  caudal  portion  is  modified  to  form  a 
urostyle  (Fig.  45). 

The  notochord  of  Urodele  larvae,  like  that  of  most  Fishes, 
undergoes  intravertebral  constrictions,  while  intervertebrally  it 
remains  thicker,  and  accordingly  appears  expanded.  Thus  the 
centra  here  also  are  amphiccelous.  In  the  course  of  their  develop- 
ment, a  gradual  reduction  of  the  cartilage  may  be  observed,  and 
the  bone,  originally  perichondral  in  origin,  becomes  correspond- 
ingly independent  (Fig.  44).  The  cartilage  is  more  and  more 
limited  on  the  one  hand  to  the  arches  (Fig.  52),  and  on  the  other 
to  the  intervertebral  regions  round  the  notochord,  extending  to  a 
greater  or  less  degree  into  the  anterior  and  posterior  ends  of  the 
individual  bony  vertebral  bodies,  thus  constricting  or  even  entirely 
obliterating  the  notochord  in  these  regions.  The  bony  centra  are 
formed  from  the  bases  of  the  arches,  which,  before  ossification, 
only  rest  on  the  notochord  and  do  not  enclose  it.  Finally  a 
differentiation,  as  well  as  a  resorption,  extending  inwards  from  the 
periphery,  occurs  in  these  cartilaginous  parts :  in  the  interior  of 
each  an  articular  cavity  is  formed,  so  that  in  the  vertebne  of  many 
higher  Urodeles  an  anterior  convexity  and  a  posterior  concavity 
may  be  distinguished,  both  covered  with  cartilage ;  they  are, 
therefore,  opisthoccdous  (Fig.  44). 

In  the  development  of  the  vertebral  column  of  Urodeles  we 
can  thus  distinguish  three  stages: — (1)  A  connection  of  the  indi- 
vidual vertebrae  by  means  of  the  intervertebrally  expanded 
notochord;  (2)  a  connection  by  means  of  intervertebral  masses 
of  cartilage ;  and  finally  (3)  an  articular  connection.  These 
three  different  stages  of  development  find  a  complete  parallel 
"n  the  phylogeny  of  tailed   Amphibians,  inasmuch   as   many  of 
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the  StegoG«phali  of  the  Carboniferous  period,  ns  wi^ll  as  the 
PercDiiibmnchiata,  Derotrentata,  and  niatiy  Myctodeni,  possess 
simple  biconcave  bony  centra  without  diflei-entiation  of  definite 
articulations.' 

Thus   the   bony   parts  of  the  vertebne  of  Urodeles  are  not 
formed   from    the   cartilage   Murroimding   the  nntochoni,   but   in 


Fill.    44.— LuNDlTUmXAL  SBOTIHN  THK()l'UII  THK  VuBTKBtUI,  CB.NTIU  I>(  VaUJUUH 

UkoDKLKH.  A,  HaiiodoH  tilKriciu  ;  B,  Amb/i/'ilonut  tinriuum  ;  C,  Gj/rituypkiiiu 
porphyriliciu  {1,  II,  III,  the  thruo  anteriur  vcrtcbrw) ;  U,  Satamandrina 
periiptdttaln, 

Ch,  notochoni ;  CK,  intnivurt«bral  cartilage  aiul  fst-t.'ellB  ;  tjp,  concave  poaterior 
fate,  and  Ot,  convex  anterior  fnce  of  (antrum  with  articular  socket  anil  head  ; 
Jvk,  invertehntl  cortilH)^ ;  K,  Buperlicial  bono  of  centrum  :  Liaf,  intervertehral 
ligament ;  3th,  nuirniw  cavity  ;  R,  tranaverse  procont ;  S,  intiavertebral 
conHtriction  of  iiotuchord  in  Anil)lj/Klonut,  without  cartilage  and  fat-celln  ; 
•*,  inter vurt«bral  cartilage. 

connective  tissue,  there  being  only  an  intervertebral  cartilaginous 
zone,  extending  into  the  ends  of  the  centra.     In  the  Anura,  on  the 


'  In  certain  of  the  St«gi>cephnli 
mi  plearoeenlra,  twice  ««  numer  - 
notochord  (cf.  the  caudal  region  i 


:icoiiipletc  huo|Hi  of  bone,  the  iiiterrtiilra, 
18  the  arches,  surrounded  the  persiBteiit 
itk  and  Elaamobranchs,  p,  90). 
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other  hand,  as  in  Elasmobranchs,  Teleosts,  Bony  Ganoids,  and  the 
higher  Vertebrates,  the  vertebrae  are  preformed  in  cartilage,  and 
true  articulations  are  always  formed  between  them  :  as  a  rule,  but 
by  no  means  always,  the  convexity  is  posterior  and  the  concavity 
anterior  (procodaics  form).     A  further  difference  is  seen  in  the 

relations  of  the  notochord,  which  persists 
intravertebrally  longer  than  interverte- 
brally,  in  this  respect  resembling  Lepi- 
dosteus  .and  Reptiles. 

The  configuration  of  the  caudal  region 
of  the  vertebral  column  must  also  be 
remarked  upon,  as  it  differs  in  tailed  and 
tailless  Amphibians.  The  long  caudal 
portion  of  the  vertebral  column  in  Anuran 
larva?,  which  is  very  similar  to  that  of 
Urodeles,  undergoes  during  metamorphosis 
a  gradual  retrogressive  modification,  and 
the  vertebrae  of  its  proximal  end  become 
fused  and  co-ossified  to  form  a  long,  un- 
segmcnted,  dagger-like  bone,  the  urostylc 
(Fig.  45). 

Haemal  arches  are  present  in  the 
caudal  region  of  Urodeles  only.  The 
neural  spines,  as  well  as  the  transverse 
processes,  which  in  Urodeles  are  as  a  rule 
bifurcated  at  the  base  and  are  present 
from  the  second  vertebra  onwards,  show 
the  greatest  variety  as  regards  shape  and 
size,  diflFering  in  the  several  regions  of  the 
body.  The  transverse  processes  of  the 
single  sacral  vertehn,  which  give  attach- 
ment to  the  pelvis,  are  particularly 
strongly  developed,  especially  in  the  An- 
ura  (Fig.  45),  in  which  the  number  of 
presacral  vertebra?  is  usually  only  eight. 

Articular  processes  (zygapophyses)  are 
well   developed   in   all  Vertebrates  from 
Urodeles    onwards,   and    consist   of    two 
pairs  of  projections  Jirising  from  the  an- 
terior and  posterior  edges  respectively  of 
the    neural    arch.      Their    surfaces    are 
covered    with    cartilage  and  overlap  one 
another   from   vertebra  to  vertebra,  and 
in    some   Urodeles    the    neural  spines  also    articulate  with  one 
another:  thus  a  woll-articulatod  and  mobile,  chain-like  vertebral 
column  results. 

The  first  or  crrvlcal  vcirtcbra  becomes  differentiated  from  the 
others,  and  consists  of  a  comparatively  simple  ring  which  articulates 


Fio.  45.  —  Vertebral 
Column'  op  Discoglossits 
pichis, 

Ob,  upper  arch  of  first  ver- 
tebra ;  Pa,  articular 
processes ;  Po,  anterior 
process  of  first  vertebra; 
Pm,  neural  spine ;  Pf, 
transverse  processes  of 
trunk  vertebrae ;  Pfr^ 
tran  verse  processes  of 
caudal  vertebra?  (uro- 
style,  Oc) ;  /?,  ribs ;  5//, 
condylar  facets  of  first 
vertebra  ;  iS>  W,  sacral 
vertebra. 
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by  means  of  lateral  facets  with  the  two  condyles  of  the  skull,  and 
also,  in  Urodeles,  with  the  base  of  the  latter  by  meiins  of  a  projec- 
tion, of  varying  size  and  form,  the  so-called  "  odontoid  "  process ; 
thus  a  freer  movement  between  the  skull  and  vertebral  column  is 
rendered  possible.  This  vertebra,  however,  is  not  homologous  with 
the  first  vertebra  (ie.  the  atlas)  of  the  higher  Vertebrates,  as  is 
demonstrated  by  a  study  of  its  development,  which  shows  that  the 
real  atlas,  with  the  exception  of  the  part  which  forms  the  "  odon- 
toid," loses  its  individuality  as  a  separate  mass,  and  becomes 
united  with  the  occipital  region  of  the  skull. 

The  number  of  vertebra?  present  in  Urodeles  in.  inconstant,  and 
varies  greatly :  it  may  reach  to  nearly  100  (Siren),  and  in  Csecilians 
may  be  very  much  greater  (up  to  275). 

Reptiles. — In  many  fossil  Reptiles  (Theromorpha,  Ichthyo- 
sauria,  &c.)  the  centra  were  biconcave,  and  this  primitive  form, 
with  an  intervertebrally  expanded  notochord,  is  retained  in  the 
Ascalabota  amongst  existing  forms:  the  Rhynchocephali  also 
possess  amphicoelous  vertebnr,  but  intercentral  fibro-cartilagin- 
ous  discs  occur  in  their  existing  representative,  Hatteria.  A 
primitive  character  of  the  Rhynchocephalian  vertebral  column  is 
seen  in  the  retention  throughout  of  the  primary  components  of  the 
centra  as  distinct  elements,  wedge-shaped  intercervtra  being  inter- 
calated between  the  centra  proper  ov pleurocentra  :  in  the  nmjority 
of  Lacertilia  intercentra  also  occur,  but  are  usually  only  recognis- 
able in  the  neck  and  t^iil ;  in  Chelonians  a  few  intercentra  are 
present  in  the  neck  region.  A  pair  of  elements  interposed  between 
the  upper  part  of  the  first  vertebra  (atlas)  and  the  skull  in 
Crocodiles,  usually  known  as  the  "  pro-atlas  "  (Fig.  46),  which  is  re- 
presented also  in  Hatteria,  Chameleons,  and  many  fossil  forms,  corre- 
sponds to  a  disconnected  pair  of  "  supra-dorsal  "  elements  (p.  49). 

In  the  majority  of  Reptiles,  the  notochord  remains  expanded 
longer  in  the  intravertebral  regions  than  intervertebrally,  but  in 
the  adult  it  becomes  entirely  aborted  and  replaced  by  bony  tissue. 
This  stronger  and  more  solid  ossification  of  the  whole  skeleton 
forms  a  characteristic  difference  between  the  Ichthyopsida  on  the 
one  hand  and  the  Amniota  on  the  other.  As  a  rule  the  centra 
of  Reptiles  are  of  the  procoelous  type  and  become  definitely  articu- 
lated \vith  one  another :  the  forms  with  intiTvertebral  remains  of 
the  notochord  and  those  with  fibro-cartilaginous  intervertchral  diacs, 
(e,g.  Crocodiles)  fonn  an  exception  to  this  rule.  In  Crocodiles  the 
vertebrae  are  mostly  procoelous,  an  exception  being  seen  in  the  two 
sacrals  and  first  caudal.  In  Chelonians  there  is  great  variation  in 
the  form  of  the  individual  centra  of  the  cervical  vertebne — even  in 
the  same  individual  procoplous,  opisthocoelous,  biconcave,  and  even 
biconvex  centra,  with  intervertebral  discs,  may  or»cur ;  while  the 
thoracic  and  lumbar  vertebra*  have  flattened  faces,  and  are  firmly 
united  with  one  another  by  cartilage,  and  also  with  tlu*  carapace 
(p.  43). 
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What  has  been  said  as  to  the  classification  of  the  vertebrse  into 
different  regions  in  Urodeles,  as  well  as  to  the  presence  of  the 
various  processes,  usually  applies  here  also  to  a  still  greater  extent. 
Except  in  limbless  form,  there  are  always  several  cervical  vertebree 
instead  of  a  single  one,  and  also  typically  at  least  two  sacral 
vertebne.  The  two  iirst  cervical  vertebrte  become  differentiated 
to  form  an  atlas — bearing  a  single  occipital  facet  and  usually 
formed  of  three  pieces,  and  an  axis — with  an  odontoid  bone 
belonging  morphologically  to  the  centrum  of  the  atlas  (cf,  p.  57). 

The  neural  spines  vary  in  size,  and  transverse  processes  arise 
from  the  centra,  themselves  or  close  to  them.  Lower  arches,  or 
ckevron  bones,  corresponding  to  the  interceutra,  are  present  in  the 
tail   in   Lizards,  Crocodiles,  and   some  Chelonians ;   and  besides 


A ,  atlas ;  Jlp,  axis,  articulating  with  the  atlas  at  k ;  la,  intervertebral  disc ;  o, 
"pro-atlag";  Ob,  neural  arch;  Po,  odontoid  bone;  Pa,  neural  spine;  Pt, 
transverse  process,  arising  from  the  base  of  the  arch  and  articulating  with 
the  rib  at  t ;  Jf',  R',  H,  nba  ;  u,  ventral  element,  and  «,  arch  of  atUs  ;   WK, 


these,  median  inferior  processes  of  the  centra  themselves  are  seen 
in  many  of  the  vertebne  of  Lizards,  Crocodiles,  and  Snakes : 
in  the  last  mentioned  paired  processes  partly  enclose  the  caudal 
vessels.  The  arches  in  Snakes,  Lizards,  and  usually  in  Chelonians, 
become  united  with  the  centra  by  synostosis,  while  in  Crocodiles 
they  remain,  at  any  rate  for  a  long  time,  separated  from  them  by 
sutures  (Fig.  46). 

In  Snakes,  Hatteria,  and  some  Lizards  (Iguana)  extra  articular 
processes  (zygosphenes  and  zygantra)  are  developed  on  the  neural 
arches ;  and  in  the  caudal  region  of  Hatteria  and  Lizards  an 
unossiRed  septum  remains  in  the  middle  of  each  centrum  (which 
really  corresponds  to  two  primary  vertebral  elements),  so  that  the 
tail  easily  breaks  ofl'  at  these  points.  When  this  happens  the  tail 
grows  ^[ain,  but  true  vertebrse  are  not  formed. 
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The  greatest  number  of  vertebrae  is  seen  in  Snakes,  in  which 
there  may  be  over  400. 

Birds. — The  vertebral  column  of  Birds  has  many  jxjints  of 
resemblance  with  that  of  Reptiles  both  phylogenetically  and  onto- 
genetically.  In  both  groups  the  notochord  usually  eventually 
disappears  entirely,  and  the  whole  skeleton  becomes  strongly 
ossined.  Archaeopteryx,  as  well  as  the  Cretaceous  Ichthyomis, 
possessed  biconcave  vertebrae,  but  in  existing  adult  Birds  this 
character  never  occurs  except  in  the  free  caudal  vertebrae. 
Cervical,  thoracic,  lumbar,  sacral,  and  caudal  regions  can  be  distin- 
guished. The  arches  always  become  united  into  a  single  mass 
with  the  corresponding  centra,  not  remaining  separated  from  them 
by  sutures,  as  is  the  case  in  certain  Re])tiles :  even  the  ligament 
which  keeps  the  odontoid  process  of  the  axis  in  its  place  may 


/te 


Fig.  47,  A.— Atlas  and  Axis  (from  the  left  side),   ami  B,   Third   Cervical 
Vkrtebra  (antkrior  fa(^e)  uv  Woodpecker  {Picwt  nridut). 

A,  06,  Af  aich  and  centrum  of  atlas  ;  Po,  odontoid  process  ;  Ph^  neural  spine  of 

axis ;  P/,   transverse  process  ;   WKy   centrum   of  axis,  and  Sa^  its  saddle- 
shaped  articular  surface  for  the  third  vertebra  ;  t,  condylar  facet. 

B,  Ft,  vertebrarterial  foramen ;  0/>,  neural  arch  ;  /*a,  articular  process ;  Pty  Pt, 

the  two  bars  of  the  transverse  process,  shown  on  one  side  ankylosed  with 
the  cervical  rib  {R)  ;  Pniy  median  inferior  process  (hypapophysis). 

become  ossified.     Fibro-cartilaginous  discs  or  menisci,  perforated 
in  the  centre  by  a  ligament,  are  present  between  the  centra. 

In  the  cervical  region,  which  is  extremely  flexible  and  often 
very  long,  the  centra  are  in  nearly  all  cases  connected  by  means  of 
saddle-shaped  (heterocceUnis)  synovial  articulations ;  the  upper  part 
of  each  bifurcated  transverse  process  arises  from  the  arch,  the 
lower  from  the  centrum,  and  these  may  unite  with  the  correspond- 
ing forked  rib,  the  vertebral  artery  and  vein  extending  through 
the  foramen  thus  formed  (Fig.  47).  The  ring-like  atlas,  with  its 
single  facet  for  the  occipital  condyle,  is  relatively  small,  and  the 
odontoid  is  fused  with  the  axis.  In  the  thoracic  and  lumbar 
regions  more  or  fewer  of  the  vertebra?  usually  become  immovably 
united  together. 

The  sacral  region  in  Bird-embryos,  like  that  in  existing  adult 
Reptiles,  consists  of  two  vertebrae  only,  the  transverse  processes  of 
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which  u»»tfy  scpamtcly  and  correspond  to  fused  ribs,  as  in 
Amphibia  and  Amniota.  During  further  development,  however, 
ft  number  of  other  {secrmdary  sacral)  vertebrae  (thoracic,  lumbar, 
and  caudal),  with  their  rudimentary  ribs,  become  fused  with  the 
two  pi-imai-1/  ones  (Fig.  48),  so  that  the  entire  number  of  vertebne 
in  the  sacrum  may  be  as  many  as  twenty-three.  In  Archasopteryx 
the  sacrum  was  much  shorter  than  in 
existing  Birds,  and  fewer  vertebne  were 
united  with  it. 

In  existing  Birds  the  actual  caudal 
region  always  exhibits  a  more  or  less 
rudimentary  character,  and  in  its  posterior 
portion  the  vertebne  usually  fuse  together 
to  form  a  flattened  bone,  the  pygoistyh, 
which  supports  the  tail  quills  (Fig.  132). 
In  the  Ratitsp  there  is  never  more  than 
an  insignificant  pygostyle  (Struthio),  and 
all  the  caudal  vertebne  may  remain  dis- 
tinct. That  the  latter  is  the  more  original 
condition  in  Birds  is  shown  by  a  study 
of  their  development  as  well  as  by  the 
condition  of  the  tail  in  Archjeopteryx,  in 
which  it  was  supported  by  numerous 
elongated  free  vertebrae  (Fig.  49).  It 
must,  however,  be  borne  in  mind  that 
the  pygostyle  may  be  made  up  of  from 
six  to  ten  fused  vertebriB,  and  in  the 
sacrum  even  a  greater  number  may  be 
included,  .to  that  as  many  as  twenty  or 
more  caudal  vertebne  may  be  represented. 
MEunmalB. — The  notochord  here  per- 
sists longer  intencrtebratly  than  intra- 
vertobraily,  but  it  disappears  entirely  by 
the  time  the  adult  condition  is  reached. 
A  jelly-like  pulpy  mass,  the  nvcUiis  pul- 
posKS,  pei-sists,  however,  throughout  life 
in  the  centre  of  the  fibro -cartilaginous 
menisci  which  are  developed  between  the  centra.  The  whole 
vertebral  column  is  preformed  in  cartilage,  and  the  arches 
develop  in  continuity  with  the  centra  but  become  ossified  from 
separate  centres,  as  do  also  the  various  processes ;  these  separate 
ossifications  are  no  longer  recognisable  in  the  adult.  The 
l»rosenco  of  bony  discs  or  epiphyses  on  the  flattened  ends  of  the 
centra  which  unite  with  the  latter  comparatively  late,  is  very 
characteristic  of  Mammals ;  they  arc,  however,  absent  or  only 
imperfectly  developed  in  Monoti-enn's  and  in  existing  Hirenians. 

Tnie  articulations  between  the  centra  are  usually  only  fonnod 
on  the  atlas  and  anterior  face  of  the  axis :  well-devcloiied  articular 


{Slrix    baho).       Ventra! 

//,  itium  ;  In,  ischium  ;  P, 
pubiM  ;  if,  last  two  pairs 
of  ribs  ;  iV,  poailion  of 
the  primary  sacral  verte- 
bra' :  between  R  am!  //, 
anil  behind  W,  arc  ncen 
*  the  semnclary  lucml  rer- 
lebnp,  fiiBcd  with  the  pri- 
mary [W):  t  foramen 
between  iliinn  anil  imbif. 


VERTEBRAL  COLUMN 


pnicesses  (zygiiiwphyses)  are  present  on  the  neiinil  Hixjhes.'  Thti 
cervical  regiuti  in  usually  the  iiioi^t  movable,  and  the  ceiitrii 
may  here  passcss  articiilatiuim  and  have  an  opi^ithocueleiiH  form 


Flo.  49. — Arcluroplfryx  liihojiraphifti.      From  the  Solenhofcn  alatCB  (Junusiv). 

After  Damns,  from  the  Hpecimen  in  the  Berlin  Muxeuiii. 

e,  carpus;  d,  clavicle;  ro,  coracoiil;  A,  humerus;  r,  riulius;  t,  scapula;  ii,  ulna; 

/—///,  iligitB  of  ninnus;  I—IV,  iligila  of  pcB. 

(Ungulata).  In  some  cases,  on  the  other  hand,  the  cervical 
vertebras  may  become  firmly  fused  with  one  another  (f.g.  Dasyjnis, 
Talpa,  Cetacea). 

'  In  certain  Kilcntata(«,!7.  Myrinecopliaga,  ))iuiy|iuR) extra articuliir  jirocCHEieii 
are  present  benideii  the  ortliimry  ^.S'giiptphj'ocii  on  the  |>ostcrior  thciroiic  and 
laiDMr  vertel>n;. 
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The  atlas  ^  and  axis  essentially  resemble  those  of  Birds, 
except  that  the  condylar  facet  on  the  former  is  paired ;  in 
many  Marsupials  the  ventral  part  of  the  axis  may  consist  merely 
of  a  fibrous  band.  The  differentiation  of  the  vertebral  column 
into  regions  characterised  by  difference  of  form  is  much  more 
sharply  marked  than  in  any  other  Vertebrates.  There  are  as 
a  rule  seven  cervical  vertebrae ;  amongst  the  Edentata,  however, 
Bradypus  possesses  eight  to  nine,  and  Tamandua  bivittata,  eight, 
while  in  Choloepus  (and  also  in  the  Manatee)  there  are  only  six. 

The  transverse  processes  are  simple  except  in  the  cervical 
region  and  arise  from  the  base  of  the  arch.  In  the  neck,  they  are 
united  with  the  vestiges  of  the  cervical  ribs,  and  in  nearly  all  cases 
enclose  a  vertebrarterial  canal,  as  in  Birds  (p.  59):  in  Monotremes 
these  rib-vestiges  remain  distinct  at  any  rate  for  a  long  time.  In 
the  thoracic  region  the  transverse  processes  are  tipped  with 
cartilage  on  the  ventral  side  of  their  distal  ends  for  articula- 
tion with  the  tubercle  of  the  rib  (q.v.).  In  the  lumbar  and 
sacral  regions  they  arise  from  the  centra,  and  contain  fused  rib- 
elements. 

The  number  of  thoraco-lumbar  vertebrae  varies  greatly  in 
different  Mammals ;  there  may  be  as  few  as  fourteen  (Armadillo) 
or  as  many  as  thirty  (Hyrax).  In  Ungulates  the  number  is  con- 
stantly nineteen.  In  the  lumbar  vertebrae  the  transverse  processes 
are  especially  long,  and  other  processes  (anapophyses,  metapophyses, 
hypapophyses)  may  be  characteristically  present  in  this  region. 

Thus,  as  in  Amphibians,  Reptiles  and  Birds,  the  pelvis  is  con- 
nected with  the  sacrum  by  means  of  vestigial  ribs.  As  in  the  two 
last-mentioned  groups,  there  are  not  more  than  two  primary  sacral 
vertebrae,  but  except  in  Ornithorhynchus  and  most  Marsupials  a 
few  caudal  vertebrae  become  later  included  in  the  sacrum  and  are 
usually  more  or  less  closely  united  with  it  by  synostosis.  The 
various  processes  of  the  sacral  vertebrae  are  more  or  less  reduced. 
In  Anthropoids,  and  still  more  markedly  in  Man,  the  first  sacral 
vertebra  is  plainly  marked  off  from  the  last  lumbar  by  the  forma- 
tion of  the  so-called  'promontory,  A  sacrum  is  wanting  in  the 
Cetacea  and  Sirenia,  in  correspondence  with  the  absence  of  hind- 
limbs  :  the  horizontal  tail-fin  m  these  forms  is  not  supported  by 
hard  parts. 

The  caudal  vertebrae  vary  extremely  in  their  development,  and 
excepting  in  most  long-tailed  Mammals — such  as  Kangaroos, 
Sirenians,  Cetaceans,  and  certain  Apes — no  longer  develop  lower 
arches.  When  present  these  "  chevron  bones  "  are  intervertebral 
in  position.^  The  greatest  number  of  caudal  vertebrae  is  found  in 

^  A  nodule  of  bone  in  the  atlan to-occipital  ligament  of  the  Hedgehog  may 
represent  the  vestige  of  a  "pro-atlas"  (p.  57). 

'^  The  question  as  to  homology  of  the  chevron  bones,  as  well  as  of  certain 
bony  elements  present  in  some  Mammals  beneath  the  intervertebral  discs  in  the 
tail  {e.g.  Dasypus,  Erinaceus)  and  lumbar  region  {e.q.  Talpa),  requires  further 
investigation  :  it  is  doubtful  to  what  extent  they  represent  the  lower  arches  or  the 
intercentra  of  other  Vertebrates,  or  are  structures  peculiar  to  Mammals. 
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Manis  macrura  (about  fifty),  and  the  aiudal  region  is  most  reduced 
in  the  higher  Primates,  in  which  it  forms  a  stump-like  coccyx 
consisting  of  at  most  five  to  six  vestigial  vertebrae,  all  fused 
together,  and  these  may  even  {e.g,  in  Man)  unite  with  the  sacrum. 
In  the  human  embryo  of  4-6  mm.  in  length,  a  distinct  tail 
is  present,  consisting  of  all  the  characteristic  parts ;  it  gradually 
undergoes  reduction,  and  what  is  left  no  longer  projects 
externally. 

II.    RIBS. 

Some  doubt  still  exists  as  to  whether  the  ribs  are  to  be 
considered  as  primitively  independent  skeletal  structures,  arising 
in  the  intermuscular  septa  or  myocommas,  or  as  parts  of  certain 
processes  of  the  vertebrae  which  have  become  segmented  oflf  from 
the  latter,  as  is  plainly  seen  to  be  the  case,  for  example,  in  embryos 
of  Hatteria.  Their  relations  to  the  axial  skeleton,  whether 
primary  or  secondary,  are  of  the  very  closest  kind. 

The  ribs  are  situated  in  the  septa  between  the  great  lateral 
muscles  of  the  body,  and  present  much  variation  in  the  various 
vertebrate  Classes:  they  may  be  short  and  stump-like  and  almost 
horizontal  in  position,  or  may  grow  ventralwards  as  delicate  rod- 
like structures,  so  as  to  encircle  the  body-cavity  more  or  less 
completely.  Primitively,  ribs  may  be  present  all  along  the 
vertebral  column,  but,  especially  in  the  higher  types,  they  become 
reduced  in  certain  regions. 

A  careful  study  of  the  ribs,  in  which  their  relations  to  the  soft 
parts  (muscles)  is  taken  into  consideration,  shows  that  they  are 
not  completely  homologous  throughout  the  vertebrate  series, 
and  that  those  of  most  Fishes  arc  not  exactly  morphologically 
comparable  to  those  of  Elasmobranchii,  Amphibia,  and  Amniota. 

Fiihei. — Two  kinds  of  ribs,  situated  at  different  levels,  may 
be  distinguished  amongst  Fishes — dorsal  ribs  and  ventral  Hbs  (or 
pleural  arches) :  the  former  extend  int(j  the  transverse  septa  which 
separate  the  epaxial  or  dorso-lateral  from  the  hypaxial  or  ventro- 
lateral muscles,  while  the  latter  are  situated  intemallv  to  the 
muscles,  just  outside  the  peritoneum,  but  never  more  than 
partially  encircle  the  ccelomc  (Fig.  50).  Both  kinds  of  ribs  are 
usually  considered  as  correspondingtoprolongationsof  the  transverse 
processses  (basal  stumps)  of  the  vertebral  axis,  from  which  they 
have  become  segmented  off  but  with  which  they  remain  closely 
connected :  another  view  as  to  their  primary  origin  has  been 
stated  above.  The  ventral  ribs  appear  to  be  phylogenetically  older 
structures  than  the  dorsal  ribs,  which  can  only  have  originated 
after  the  differentiation  of  the  intermuscular  septa  in  which  they 
are  situated. 

Towards  the  caudal  region,  the  ventral  ribs,  together  with  the 
corresponding  transverse  processes,  tn  take  on  the  foiiu  of 
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hiemal  arches,  which  in  Tolcosts,  as  in  Elosnutbraiichs,  aru 
developed  from  the  transverse  processes  nlnne  (Fig.  50,  ii). 
The  dorsal  ribs  take  no  part  in  the  formation  of  the  ha>mal  arches : 
towards  the  posterior  part  of  the  trunk  they  become  rudimentary, 
but  may  sometimes  still  be  recognised  in  the  tail  as  lah<ral 
processes  at  the  bases  of  the  hii^mal  arches. 

In  most  Ganoith  and  in  Dipnoans  (Fie,  50,  a,  c)  ventral  ribs  only 
are  present.  In  Crom^ito-ygians  (PoTyptcru.s,  Figs.  50,  E,  and 
51}  larger  dorsal  and  smaller  ventral  ribs  occur,  so  that  there  are 


(H.TPTF.Brs.     From 
P»,  pKTMphonoul ;   WK,  centm ;  /—  V,  firtt  five  pairs  of  ildwal  ribs ;  +t,  ventml 


two  pairs  of  ribs  to  each  body-segment.  Dorsal  ribs  can  also  be 
recognised  in  certain  Tdeosts  (Salmonida>,  Clupeoidoi)  in  addition 
to  ventral  riba,  and  like  these,  are  always  preformed  in  cartiiaKc.' 
In  many  forms,  the  ventral  ribs  may  undergo  reduction,  and  in 
ElamnohraTwhs  they  are  wanting,  while  dorsal  ribs  arc  usually 
present.*  In  Chimicroids  and  many  Rays,  as  is  also  the  case  in 
Uyclostomes,  a  fibrous  band  extends  outwai-ds  from  the  vertebral 

'  Thi«  fact  alone  in  Bufficieiit  to  iliHtinguiiili  lliciii  from  tlie  inltrmitAi-uJar 
bonet  ofUn  preaeut  in  thiH  region  in  ToIcoHts.  In  addition  to  tli««u  rpirriilrii! 
int«nnDscn1ar  bones,  oWiere— tlie  rpiiir.itrait  and  epipit'irtdA—are  HituaWd  miiro 
donally  and  more  venCraily  rcBpcctively,  anil  all  of  thuin  are  merely  OHfiitivatioiiH 
in  the  septa. 

'  The  humal  ai'ches  of  these  FishcB,  as  woU  as  of  Oaiioido,  Uipnonnn,  nnd 
Amphibians,  apparently  contain  ooinponenta  curreHpomling  to  vcnlmU  lib. 
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axis  in  the  position  usually  occupied  by  dorsal  ribs :  thus  these 
forms  are  ribless,  and  also  in  certain  Teleosts  and  Ganoids  the  ribs 
are  wanting  {e,g,  Lophobranchii)  or  quite  vestigial  (Polyodon). 

Amphibians. — The  ribs  in  the  Amphibia  correspond  to  the 
dorsal  ribs  of  Fishes,  and  are  always  connected  with  transverse 
processes  or  at  any  rate  with  the  vestiges  of  the  basal  stumps 
(Fig.  50,  f).  The  latter  are  originally  situated,  as  in  Fishes, 
towards  the  ventral  side  of  the  vertebral  axis,  and  in  the  tail  give 


Fio.  52.— A,  Vertebra  from  Anterior  Part  of  Tail  of  Larva  (43  mm.) 
OF  Xeriurus;  B,  Sacral  Vertebra  from  Larva  (43  mm.)  of  Nectunis; 
C,  Fourth  Trunk- vertebra  from  Newlv-born  Larva  of  Saiamandra 
maculosa,     (After  CUipixirt. ) 

Art.  reW.,  vertebral  artery  ;  R,  cartilage  of  basal  stump ;  B^,  vestige  of  same  in 
larva  of  Salamander ;  H\  Umy  hkw  which  replaces  the  same  functionally ; 
Ch,  notochord  ;  DRt^,  dorsal  l>ar  of  rib  ;  Jl,  ihum  ;  N,  neural  arch  ;  ^,  rib ; 
R2\  liT\  ventral  and  dorsal  rib-bearing  portions  of  vertebra;  SFy  lateral 
process  of  haemal  arch  (//). 

rise  to  haemal  arches  (Necturus,  Salamander-larvae).  In  connection, 
apparently,  with  the  more  dorsal  position  of  the  horizontal  inter- 
muscular septum  in  which  they  are  situated,  the  transverse 
processes,  even  in  Salamandei-s,  tend  to  arise  more  from  the  neural 
arches  than  from  the  centra,  and  this  upw  ard  displacement  is  carried 
still  further  in  the  Gymnoi)hiona  and  Anura.  In  Urodeles  (Fig. 
52)  the  cartilaginous,  rib-bearing  basal  stump  is  in  close  connection 
with  the  centrum,  but  gives  off  secondarily  an  upwardly  directed 
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process  which  becomes  connected  with  the  neural  arch  and  on 
further  develoi)ment  may  serve  as  the  chief  point  of  attachment 
for  the  rib.  The  |)roximal  mrt  of  the  primitive  basal  stump  is 
correspondingly  reduced,  and,  with  rare  exceptions,  is  no  longer 
develo{)efl :  in  its  place  is  formed  a  bony  bar,  arising  from  the 
centrum,  and  generally  not  preformed  in  cartilage. 

The  ribs  of  the  Urodela  and  Gymnophiona  are  bifurcated 
at  their  proximal  ends,  the  ventral  bar  corresponding  to  the 
primary  rib-rudiment,  while  the  dorsal  bar  is  a  secondary 
structure  formed  in  order  to  give  the  rib  a  firmer  connection  witn 
the  vertebra:  in  Urodeles  it  becomes  connected  with  the  rib- 
bearing  portion  of  the  vertebra,  and  in  the  Gymnophiona  with  the 
neural  arch  itself.^ 

The  ribs  of  Amphibians  are  never  very  highly  developed : 
they  are  only  slightly  curved  and  do  not  encircle  the  body-cavity 
to  any  extent.  In  Anurans  they  are  not  bifurcated  and  are 
very  short  and  stump-like  (Fig.  45),  usually  becoming  fused 
with  the  transverse  processes:  they  have  doubtless  undergone 
reduction. 

In  many  Urodeles  the  ribs  are  limited  to  the  tnink,  but 
occasionally  one  or  more  pairs  occur  in  the  anterior  part  of  the 
tail,  where  the  basal  stumps  have  already  extended  ventralwards 
to  form  the  haemal  arches. 

Finally,  reference  must  be  made  to  the  cartilaginous  "  abdominal 
ribs  "  (cf.  p.  42)  developed  in  the  ventral  intermuscular  septa  in 
many  Amphibians  (Necturus,  Menopoma,  Bombinator). 

Reptiles. — As  already  mentioned,  the  ribs  of  the  Amniota  are 
comparable  to  those  of  the  Amphibia,  but  they  grow  further 
ventralwards  and  so  encircle  the  body-cavity  to  a  greater  or  less 
extent.  Ribs  may  also  be  present  in  the  tail :  in  Hatteria,  for 
instance,  there  are  seven  or  more  pairs  of  caudal  ribs. 

The  dorsal  (proximal)  section  of  the  rib  may  also  become 
segmented  from  the  distal  (ventral)  portion,*  and  the  fonuer  is 
plainly  homologous  with  the  Urodele-rib.  As  a  rule  a  certain 
number  of  the  ribs  unite  together  ventrally  to  form  a  stenium 
(cf  p.  72  and  Fig.  56) :  these  are  usually  distinguished  as  "  true  " 
ribs  from  the  others,  or  "  false  *'  ribs. 

The  ribs  of  Snakes  show  the  least  amount  of  differentiation ; 
for,  without  giving  rise  to  a  sternum,  they  extend  along  the 
whole  trunk  from  the  third  vertebra  to  the  anal  region,  having 
a  similar  form  and  size  throughout.  In  Lizards,  in  which  a  dorsal, 
unforked,  bony  portion  and  a  ventral,  cartilaginous  portion  can  be 
distinguished,  three  or  four  ribs  reach  the  sternum,  and  are  not 
always  completely  segmented  off  from  it.     The  proximal  ends  of 

'  According  to  another  view,  the  l>ifiircatc(l  aniphihian  rib  is  originally  a 
flouMe  structure,  the  dorsal  l>ar  of  the  fork  originating  independently  and  only 
uniting  secondarily  with  the  ventral  l>ar. 

^  An  intermeaiatc  section  also  occurs  in  CrfK'cxliles  and  many  LizardH. 
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the  ribs  of  Hatteria  are  broadened  out  and  articulate  both  with 
the  centra  and  arches,  thus  indicating  a  diflferentiation  into  a 
capituiuin  and  a  tuberculum  (cf.  p  69.). 

In  Chelonians  the  cervical  ribs  unite  with  the  vertebrse  more 
or  leas  completely,  and  in  the  region  of  the  trunk  the  ribs  become 
broadened  out  to  form  the  costal  plates  of  the  carajiace  (p.  43). 


Fio.  53.— Skeletos 


ith  the  sternom  (St)  nt  +  ;  Cr,  keel  of  Btemum  ; 
Ity   for  humcnia ;  S,   acapnia ; 


Cit,  coraeoid,  which  articalate» 

FniCl),   tnrcnla  (clavicIcB) ;   u,   gi 
V,  vertebral,  and  Sp,  sternal,  porti 

Their  proximal  unbifurcated  ends  are  attached  between  the  centra, 
at  the  junction  of  centrum  and  arch.     There  is  no  sternum. 

The  proximal  ends  of  the  cervical  ribs  in  the  Crocodilia  are 
bifurcated,  in  correspondence  with  the  double  transverae  processes 
in  this  region,  and  thus  a  vei-tebrarterial  canal  is  formed  (cf.  p.  59). 
Further  back,  the  ribs  increase  in  length,  and  become  segmented 
int>i  two  or  threu  articulated  portions.  In  passing  from  before 
bacKwards,  their  point  of  origin  oecomes  gradually  shifted,  so  that 
while  the  anterior  thoracic  ribs  are  attached  to  the  centra,  the 
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posterior  ones  arise  entirely  from  the  tninsverse  processes,  which 
increase  in  size  correspondingly.  Eight  or  nine  ribs  reach  the 
sternum,  and  from  the  eighteenth  vertebm  backwards  the  tnins- 
verse processes  no  longer  bear  ribs,  but  only  short  cartilaginous 
apophyses. 

Flat,  curved  cartilages,  or  uncinates,  are  present  in  connection 
with  the  ribs  in  the  Crocodilia  as  well  as  in  Hatteria. 

Birds. — The  ribs  of  Birds  exhibit  a  much  more  marked 
segmentation  into  vertebral  and  sternal  portions,  both  of  which 
become  ossified,  and  this  evidently  stands  in  relation  to  their 
more  active  respiration.  Bony  uncinates,  compamble  to  those 
mentioned  above,  arise  from,  and  usually  become  ankylosed  to, 
the  vertebral  portions  in  nearly  all  Binls,  and  overlap  the  ribs 
next  behind  them  (Fig.  53).  The  whole  costal  apparatus  is 
usually  rendered  still  firmer  by  the 
fusion  of  many  of  the  trunk  vertebne  -^^ 

(p.  60),  by  the  individual  ribs  often 
being  very  broad,  as  well  as  by  the 
form  and  arrangement  of  the  sternum 
and  pectoral  arch.  The  last  three  or 
four  cervical  vertebrae  may  bear  com- 
paratively large  and  movable  ribs. 
The  number  of  ribs  which  articulate 
with  the  sternum  varies  between  two 
(Dinomis  elephantopus)  and  nine 
(Cygnus)  The  delicate  ribs  of  Archie-  j,^,,  54.-C<,8tal  Arch  of 
opteryx  {r  ig.49)  more  nearly  resembled  man. 

those  of  Lizards.  .      ,      .^      .         Ca,  capitulum ;    Co,  neck,  Cp, 

BdammaLl.— The    cervical    nbs   m  l>ony  vertebral,  and    Kn, 

nearly  all  cases  unite  completely  with  cartilaKinous  sternal  por- 

the    vertebne,    and    a    vertebrarterial  ^'^P""^  ^%'    ('*'  "^"'•*^ 

,  .    ^,        «'         J       mi_     1     ^  -1  spine;      Ft,      transverse 

canal  is  thus  formed.       1  he  last  cervical  process;  Sf,  sternum  ;   Tb, 

rib   may  be  well  developed  and  may  tul)erculum;  >r/r,centrum 

articulate     with      the     corresponding  *^^  vertebra, 

vertebra  (e.g.  Choloepus  hofmanni).^  The  seventh  cervical  rib 
is  also  long  in  Bradypus,  and  the  eighth  and  ninth  ribs  do 
not  reach  the  sternum ;  they  may  therefore  be  counted  as 
cervical.  There  is  considerable  variation  with  regard  to  the 
number  of  ribs  which  reach  the  sternum  (e.g.  in  Manatus 
2-3,  in  Cebus  and  Ateles  10):  and  in  some  cases  the  sternal, 
as  well  as  the  vertebral  ribs  may  become  ossified.  In  the 
vertebral  portion  a  capitulum,  a  neck,  and  a  tuhemUum  may  be 
distinguished  (Fig.  54).  The  capitulum  usually  articulates 
with  its  own  centrum  ivs  well  as  with  that  next  in  front, 
in   the  region  of  the  epiphysis ;  the  tuberculum  articulates  with 

^  As  amongst  Reptiles,  the  ventral  cartilagin(»UH  iKirtioiis  of  some  of  the 
antenor  *'  false  ribs"  are  connected  with  those  in  front,  while  the  posterior  riljs 
end  freely  in  the  body-wall  (**  costw  fluctuantes  "). 
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the  cartilaginous  facet  on  the  transverse  process.  In  the  "  false  " 
ribs,  these  characters  become  to  a  greater  or  less  extent  lost  in 
passing  from  before  backwards,  so  that  the  posterior  ribs  have  a 
more  rudimentary  character.  As  already  mentioned  (p.  62), 
vestiges  of  ribs  are  present  in  the  lumbar  and  sacral  rejgions,  and 
unite  with  the  corresponding  transverse  processes.  There  are 
usually  thirteen  pairs  of  ribs,  but  their  numoer  may  vary  between 
nine  (Hyperoodon)  and  twenty-four  (CholcBpus).  These  facts 
indicate  that  there  has  been  a  gradual  phylogenetic  reduction  in 
the  number  of  ribs,  and  the  occasional  presence  of  supernumerary 
ribs  is  to  be  explained  as  a  reversion.^ 


III.    STERNUM. 

Never  present  in  Fishes,  the  sternum  appeai-s  for  the  first  time 
in  Amphibians  in  the  form  of  a  small  variously-shaped  plate  of 
cartilage  situated  in  the  middle  line  of  the  chest  (Fig.  55).  It 
arises  as  a  paired  cartilaginous  plate-  derived  in  the  first  in- 
stance from  chondrifications  in  an  intermuscular  septum  on  the 
median  border  (linea  alba)  of  the  rectus  abdominis  muscle,  and 
therefore  may  be  looked  upon  as  comparable  to  a  pair  of 
"  abdominal  ribs."  Such  cartilaginous  structures  must  have  been 
present  in  greater  numbers  in  the  ancestors  of  existing  Uixxleles 
(cf.  p.  67).  In  many  tailless  Batrachians  (e.^.,  Ranidae)  the  ventral 
portion  of  the  pectoral  arch  is  continued  forwards  in  the  middle 
line,  from  where  the  two  clavicles  meet,  as  a  slender  rod,  the 
omosternum  (Fig.  55,  d):  this  has  a  similar  origin,  and  the 
proximal  portion  both  of  it  and  of  the  sternum  becomes  ossified. 
Thus  the  sternum  and  omosternum  of  Amphibians  are  not  to  be 
considered  as  corresponding  to  differentiations  of  the  pectoral  arch 
(coraco-stemum),  a  view  which  is  often  held,  but  as  consisting  of 
skeletal  parts  which  primarily  belong  to  the  body-wall,  and  only 
secondarily  come  into  connection  with  the  limb-skeleton. 

In  most  Urodeles  and  certain  Anurans  (e.g.  Pipa,  Discoglossus, 
Bombinator,  Alytes),  this  cartilaginous  sternal  plate  is  inserted  into 
the  grooved  median  margins  of  the  two  overlapping  coracoids  (Fig. 
55,  B,  c).      In  Rana,  on  the  other  hand  (D),  in  which  the  two 

^  A  primitive  and  a  secondary  type  of  thorax  may  be  distinguished.  The 
former  is  the  more  usual,  and  occurs  in  most  Mammals  even  up  to  the  lower 
Apes :  it  is  characterised  by  an  elongated  form,  and  by  the  dorso-ventral 
diameter  being  much  greater  tnan  the  transverse  diameter.  The  lati-er  occurs  in 
anthropoid  Apes  and  Man,  in  which  the  durso-vcntral  diameter  has,  both 
ontogenetically  and  phylogenetically,  l)ecome  considerably  reduced  relatively : 
the  broad  thorax  is  thus  more  cask-like  in  form,  and  may  oft«n  even  be  flattened 
dorso- vent  rally.  A  somewhat  similar  modification  is  seen  amongst  insectivorous 
Bats. 

^  It  is  unpaired  from  the  first  in  Triton  and  Rana,  but  this  is  probably  due 
to  an  abbreviation  of  development. 


Fill.  53--l'itiTini.iL  Akcii  ..I'  V. 
A— Uniilele  {iliaBramnintii-) 
iijHtu*;  i),  Rnnn  etrtdriiln. 

C,  coTMoiH  ;  CI,  procoracfiiil ;  (V  {('I  in  ))),  clnviclo ;  KC,  Co',  epicoracoiil ; 
Bp,  omostemum  ;  Ft,  fencatrn  Initwccn  procor&coiil  anil  uoraciiiii  liarB  ;  A'n, 
cartilAginoiu  liphistcnium  i  t,  P/,  0,  glenoid  cavity  tot  the  WxwitM*-, 
Ji  acMpaU;  SS,  aaprnmapnla  ;  Si,  Si',  Btomuin.     *,  \  \vii  )^yutA\c&\»  vtvf^- 
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halves  of  the  pectoral  arch  fti'c  much  more  closely  connected  in  the 
middle  line,  by  far  the  greater  part  of  the  sternum  lies  entirely 
posterior  to  the  coracoids,  which  do  nut  overlap  one  another.  Id 
the  Percnnibranchiata  and  Derotrcmata  the  sternum  is  much 
simpler  than  in  other  Amphibians  and  in  Proteus  and  Amphiuma 
it  is  entir(,h  wanting 

In  the  Amniota,  the  form  of  the  sternum  like  that  of  the 
pectoral  arch  depends  largely  on  the  nature  and  function  of  the 
tbrcliinbs  It  is  usually  considered  as  ansing  pnmarily  by  a 
number  of  nbs  ninning  together  ventrally  so  as  to  form  a  con- 
tinuous cartilaginous  longitudinal  tract  on  either  side.  By  the 
more  or  Ics'S  complete  fusion  of  thcsL  two  tracts  an  unpaired  sternal 


re,  h,  c,  mombranous  tenestne  in  the  coracoid  ;  Co,  coracoid ;  CW,  Cftrlilaginoui 
vpicoracoid ;  CI,  olavide ;  Jip,  epiatemuin ;  O,  glenoid  cavitv  for  the 
bunicniH ;  R,  ribs ;  S,  scapula ;  Si,  cartilagJDoiiB  comuk  to  which  the  Ittat 
pair  of  i-il>a  ie  attached  ;  SS,  supragcapula  ;  Si,  Btemum. 

band  or  plate  is  formed,  from  which  the  ribs  are  secondarily 
segmented  off  by  the  formation  of  articulations,  and  beneath  whic^ 
a  donnal  episternum  is  present  in  some  cases  (p.  44).  The  main 
part  of  the  anterior  end  of  the  sternum  of  Mammals  is  formed  by 
the  median  union  of  the  first  two  or  three  pairs  of  cervical  ribs, 
and  beneath  and  in  front  of  this  region  in  Monotremos  is  a  large 
T-shaped  bone,  the  jn-osUmum  ("  C])isLernnin  "),  the  lateral  parts  of 
which  come  into  relation  with  the  clavicles  (Fig.  103).* 

The  sternum  may  become  calcified   (Reptiles),  or  converted 
into  true  bone  (Birds,  Mammals).      In  Reptiles,*  Birds,  and  Mono- 


STERNUM 


73 


bremes,  ihu  cumcuidii,  as  in  Amphibians,  cunie  iiitu  direct  (uniioc- 
tion  with  th«  liitei-Jil  edges  of  tho  .sternum  (Figs.  53.  .50.  mid  103). 
jind  in  other  MainmaiH,  the  ehivicles.  when  present,  are  connected 
with  it  dirvctly  or  indirectly. 

The  sternum  ia  greatly  developed  in  Hirdfl,  and  o^nsists  of  a 
broad,  more  or  less  fonestrnted  plate,  provided  in  the  vast  majority 
of  Carinatse  with  h  projecting  kei'i,  which  fonns  tin  a^lditiunal 
surface  for  the  origin  of  the  wing- muscles  (Fig,  53).  In  contrast 
to  these,  the  cursorial  Kiitihe  are  characterised  by  a  broiul.  more 
or  less  arched,  Hhietd-like  stemuni  without  n  keel.  In  some 
HightEess  Carinatie,  however,  the  keel  in  rudimentary  or  even 
absent,  and  the  vestige  of  a  keel  may  occur,  though  not  constantly. 


C,  body  :  Ml;  .linnuliri 


xiphoid  procNU) ;  N,  ribs. 


in  certain  Ratita-.  The  presence  or  absence  of  a  keel  is  not.  there- 
fore, a  constant  character  sei>iimting  these  two  groups  of  Birds 
from  one  another' 

A  far  greater  number  of  ribs  are  an  a  rule  concerned  in  the 
formation  of  the  sternum  of  Mammals  than  is  the  avw  in  Reptiles 
and  Birds.  Consisting  at  hrst  of  a  simple  cartilaginous  plate,  it 
later  becomes  segmented  into  definite  bony  portions  (lUmichra;) 
the  number  of  w'hich  may  corresjwnd  to  the  atlixcd  rilw  (Fig.  57, 
A,  B)  :  in  other  cases  as,  fur  instance,  amongst  I'rimates  (c).  the 
individual  bony  s('gjnents  may  run  togi^ther  to  form  a  long  plate 
{eiyi^its  Atcnii).  Its  proximal  end  forms  a  more  or  less  distinct 
mamibnuvi,  i\\v\  tin-  diHtai  i-nd  a  [uirtly  cartilaginous  .ti)'/i"i>2  or 
enviform  proag". 


'  A  keel   w 

L8  (il«.   i.n--.iiiL 
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Vu 

■OKU 

wherever  a  large 
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IV.      SKULL. 

Oeneral  Part. 

The  question  as  to  the  primary  origin  of  the  skull  in  the 
Craniata  has  always  taken  a  foremost  place  amongst  the  morpho- 
logical problems  relating  to  the  structure  of  Vertebrates;  and 
the  first  point  which  requires  elucidation  relates  to  the  nature  of 
the  head — whether  it  is  a  structure  sui  generis,  or  whether  its 
parts  are  due  to  modifications  and  further  developments  of  parts 
present  in  the  trunk. 

Until  past  the  middle  of  the  present  century  the  theory  which 
held  the  field  was  the  "  vertebral  theory  "  of  Goethe  and  Oken, 
according  to  which  the  skull  consisted  of  a  number  of  modified 
vertebra?  (*'  cranial  vcrtebne ").  On  this  theory,  therefore,  the 
skull  was  regarded  as  a  special  modification  of  the  anterior  part 
of  the  vertebral  column,  and  a  large  number  of  facts  were  brought 
forward  in  support  of  it :  even  when  morphological  science  had 
made  further  considerable  advances,  there  still  seemed  to  be  a 
certain  amount  of  justification  for  this  view. 

The  arguments  in  support  of  the  vertebral  theory  of  the  skull 
may  be  briefly  stated  as  follows.  As  in  the  vertebral  column,  a 
cartilagincnis  and  a  bony  stage  may  be  distinguished  in  the  skull, 
ontogenetically  as  well  as  phylogenetically.  There  is  thus  an 
important  correspondence  between  these  two  parts  of  the  cranio- 
spinal axis,  and  this  is  further  emphasised  by  the  fact  that  the 
notochord  always  extends  for  a  certain  distance  into  the  base  of 
the  skull,  so  that  the  latter  is  developed  on  the  same  skeletogenous 
basis  as,  and  in  direct  continuation  of,  the  vertebral  axis.  More- 
over, the  cranial  cavity,  enclosing  the  brain,  may  evidently  be 
considered  as  a  continuation  of  the  neural  canal. 

For  a  long  time  it  was  not  recognised  that  as  this  theory 
depended  on  giving  an  exact  account  merely  of  the  skeletogenous 
elements  taking  part  in  the  formation  of  the  skull,  it  could 
not  possibly  lead  to  a  true  interpretation  of  the  origin  of  the 
vertebrate  head.  Any  such  attempt  meant  "  putting  the  cart 
before  the  horse,"  by  looking  upon  the  last  acquisition  of  the  head 
— its  skeleton — as  the  leading  point  for  future  researches. 

Although  it  gradually  became  evident  that,  except  occasion- 
ally in  the  hinder  (occipital)  region,  no  trace  of  segmentation 
of  the  cartilaginous  elements  can  be  recognised  in  the  head 
of  any  existing  Cmniata,  it  still  seemed  to  be  an  open  question 
whether  such  a  segmentation  may  not  have  occurred  m  early 
phylogenctic  stages  and  have  gradually  become  suppressed  owing 
to    deep-seated    physiological   and   morphological    modifications.^ 

*  It  is  still  by  no  means  clear  whether  or  not  the  sense-capsules  were  primi- 
tively independent  of  the  rest  of  the  axial  part  of  the  skull,  and  it  is  quite 
conceivable  that  the  part  of  the  latter  anterior  to  the  vagus  foramen  consisted 
originally  of  independent  skeletal  portions  which  only  secondarily  became 
connected  with  ono  another. 
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The  original  segmentation  of  the  head — i.e.,  the  segmentation  of 
the  mesoderm  into  somites — may  have  more  or  less  closely  resembled 
that  seen  in  Amphioxus ;  but  it  must  be  borne  in  mind  that  there 
is  no  direct  connection  between  the  Acrania  and  Craniata,  and  that 
there  must  have  been  a  whole  series  of  intermediate  fonns.  As  a 
matter  of  fact,  only  vestiges  of  the  primary  metamerism  of  the 
head  have  persisted,  and  are  more  or  less  plainly  indicated  onto- 
genetically  by  the  ganglia,  nerves,  gill-arches,  and  myomeres.  It 
is  nevertheless  certain  that  the  structural  plan  of  the  head,  like 
that  of  the  trunk,  is  based  on  a  condition  of  metamerism,  although 
it  is  doubtful  how  many  primary  segments  are  included,  and 
whether  segmentation  is  not  limited  to  the  post-auditory  region 
(chordal  or  "  spinal "  portion)  of  the  skull,  and  does  not  concern 
the  more  antenor  (prechordal  or  "  prespinal ")  portion. 

In  any  case,  however,  the  metameric  character  is  much  more 
plainly  seen  in  the  post-auditory  (occipital)  region  than  in  the 
more  anterior  part  of  the  head,  in  which  the  primary  relations  are 
no  longer  recognisable  owing  to  mrts  having  become  reduced, 
displaced,  fused,  lost,  or  functionally  changed  in  connection  with 
the  modifications  resulting  from  the  development  of  the  brain, 
skull,  the  olfactory,  optic,  and  auditory  organs,  and  the  oral  muscles. 
A  reduction,  fusion,  or  loss  of  cephalic  myotomes  has  also  occurred 
in  the  post-auditory  parts,  the  occipital  region  being  of  a  very  varied 
and  fluctuating  nature,  and  it  may  even  include  spinal  elements. 
It  is  therefore  evidently  impossible  in  this  place  to  give  more  than 
the  briefest  sketch  of  the  problem  under  consideration  before 
making  a  detailed  study  of  the  parts  composing  the  head. 

The  portion  of  the  skull  which  is  situated  along  the  main  axis 
in  continuation  of  the  vertebral  column  and  which  encloses  the 
brain,  is  known  as  the  brain-case  or  ei^anium  (neurocranium\  and 
is  primarily  composed  of  ciirtilage.  A  series  of  cartilaginous 
arches  arise  in  serial  order  on  the  ventral  side  of  the  brain- case; 
these  encircle  the  anterior  part  of  the  alimentary  tract  like  hoops, 
incomplete  dorsjilly,  and  are  distinguished  as  the  visceral  pm-tion 
of  the  skull  {splanchnocranium).  This  bears  an  important  relation 
to  branchial  respiration,  as  between  each  consecutive  pair  of 
arches  a  passage  (gill-cleft)  lined  by  endoderm,  is  present, 
communicating  between  the  pharynx  and  the  exterior,  and 
through  which  the  water  passes  in  branchiate  forms :  the  fore- 
most visceral  arch,  which  bounds  the  aperture  of  the  mouth, 
becomes  modified  to  form  the  skeleton  of  theyaw^.  The  arches, 
therefore,  serve  primarily  as  gill-supports.  Ossification  may  occur 
in  connection  with  the  cranial  and  visceral  portions  later. 

Before  the  cartilaginous  skeleton  begins  to  be  formed  in  the 
embryo,  the  greater  part  of  the  head  consists  of  a  mesodermic 
formative  tissue,  which  gives  rise  to  a  membranous  capsule  around 
the  brain  and  in  which  the  rudiments  of  the  individual  cerebml 
nerves  can  be  plainly  distinguished.  The  paired  olfactory,  optic, 
and  auditory  organs  also  appear  at  a  very  early  ^lag^*,  axvA.  \Sv^'sgfc, 
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in  the  course  of  further  development,  become  situated  in  bays 
or  cavities  within  the  head  and  enclosed  by  definite  sense-capsules, 
which  take  on  close  relations  with  the  cranium,  and  thus  are  of 
extreme  importance  in  modifying  the  configuration  of  the  skeletal 
structures  which  are  formed  around  them  later 

The  relations  of  the  visct.ra!  to  thi,  cranial  skeleton,  aad  those 
of  both  t-o  the  pnmary  mctamensm  of  the  head,  must  be  taken 
into  consideration  Both  cranial  and  visceral  regions  must  have 
been  originally  segmented  and  each  myotome  at  one  time  included 
a  ventral  portion  (lateral  plate  of  the  mesoderm)  which  enclosed  a 
corresponding  section  of  the  cranial  ccelome  or  "  head-cavity." 
Later,  however,  the  iibceral  region  became  relatively  shifted  to  a 
greater  or  less  degrie  especially  in  the  anterior  part  of  the  bead. 


FkJ.    58.~F|U8T  C.' 


so  that  its  segments  no  longer  corresponded  to  those  of  the  cranial 
region,  which  is  in  general  mure  conservative  as  regards  its 
metamerism.  Thus  we  find  that  the  segmentation  of  the  nervous, 
muscular,  and  visceral  parts  of  the  head  do  not  correspond  with 
one  another. 

a.  Brain  Caae  (Neurocranlum). 

The  first  ciirtiiaginous  rtidiments  of  the  primordial  skull  or 
chmulrocTaniunt  are  seen  in  the  form  of  an  anterior  and  a  posterior 
pair  of  bars — the  Irabeailm  cnmii  and  the  parachordal  cartili^es 
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(Figs.  58  and  59),  which  may  be  continuous  with  one  another. 
They  lie  along  the  base  of  the  brain,  the  parachordals  embracing 
the  anterior  end  of  the  notochord.  The  parachordals  soon  unite, 
more  or  less  completely,  to  form  a  basal  idate,  which  grows  round 
the  notochord  dorsally  and  ventrally,  and  thus  early  forms  a  solid 
support  for  the  hinder  part  of  the  brain.  The  trabecula}  project 
forwards  and  enclose  a  space,  which,  as  the  pituitary  body  extends 
from  the  brain  through  its  posterior  part,  may  be  spoken  of  as  the 
primitive  pituitary  space  {antc.rmr  hnsicranial  fontancllc).  In  the 
parachordal  region,  an  anterior  aiulilo7*y  or  oti^),  and  a  posterior 
occipital  portion,  may  be  recognised  on  either  side.  The  occipital 
region,  as  already  mentioned,  may  show  indications  of  segmentation 
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Fin.   59.— Nkurocranium    and    PALATogrADRATE    OF    Larval    Amblystoma, 

9    MM.     IN     LkNOTII,    8RRN    OBLIQUKLY    PROM    TIIK    LePT    8iI>E    AND    A  HOVE. 

X   ABOUT  35.     (From  copy  by  Fr.  Ziegler  of  a  inoclel  by  Ph.  Stiilir.) 
II,  foramen  for  optic  nerve,  and  III,  for  oculomotor  nerve. 


in  the  nerve-apertures  which  perforate  the  cartilage  as  well  as  in 
the  surrounding  myomeres:  its  anterior  limit  is  marked  by  the 
vagus  nerve. 

Around  the  auditory  organ  of  either  side  is  developed,  usually 
independently,  a  cartilaginous  amiit&ty  aipsnle  (Figs.  59-61), 
whicn  is  relatively  larger  in  the  lower  than  in  the  higher  Vertebrates. 
It  is  situated  laterally  to  the  otic  region,  between  the  trigeminal 
and  vagus  nerves,  and  becomes  closely  connected  with  the  corres- 
ponding parachordal  which  may  help  to  complete  it. 

The  trabecule  may  remain  sepanited  from  one  another  or  may 
become  united  along  the  greater  part  of  their  length  under  the 
influence  of  the  developing  optic  capsules.  In  the  fonner  case  the 
skull  may  be  described  as  platylHtsic,  and  the  bniin  extends  for- 
ward interorbitally  to  the  ethmoidal  region  (many  Elasmobranchii, 
Dipnoi,  Amphibia,  Fig.  60) ;  in  the  latter,  or  fropilHisic  type  (Fig. 
61),  the  trabeculse  give  rise  to  a  thin  interorbital  septum,  and  the 
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brain  only  extends  as  fai'  forward  as  this  septum,  in  the  dorsal  part 
of  which  a  narrow  canal  encloses  the  olfactory  lobes  or  nervL'S. 

The  further  development  of  the  wall  of  the  orbital  or  orbito- 
tcm]M)rrtl  fossa  takes  place  either  from  the  trabecule  or  indejien- 
dcntly  of  them,  and  during  its  growth,  the  cartilage  extends 
round  a  number  of  the  cerebral  nerves.  The  anterior  ends  of  the 
trabociilip,  which  iiro  continuous  with  the  rthMoiilul  regio7i  of  tlu' 


Fio.    ao.—NKinuKrRAsii 

Larval    Niwt  {Trilon 
a   2B.     (From  a  model  I 
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skull,  vary  much  in  form  in  different  Vertebrates  according 
whether  the  skull  is  of  the  platybasic  or  tropibasic  type.  The 
ethmoidal  skeleton  may  be  completed  in  various  ways  by  the 
cartilaginous  Mosa/  or  ol/actDry  aipsules,  ihe  chondrification  of  w' ' 
takes  place  independently  in  the  connective  tissue  surrouoitl 
the  nasal  sacs.  Anteriorly,  the  ethmoidal  region  may  exU 
forwards  tii  form  a  rostnini,  or  prenasal  cartilages  may  be  fort 

The  olfactory  and  auditory  capsules,  especially  in  higher  types. 
then  become  more  an<i  more  drawn  in  to  the  skull  pro]ter,  and 
the  lateral  oilges  of  the  basal  plate  begin  to  grow  upwards  ruuiid 
the  brain  on  both  sides,  eventually  extaiding  even  to  the  don  ' 
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region.  Thas  a  continuous  cartilnginoiis  ncurocranium  is  formed 
such  as  persists  thniughoiit  life  in  Eliksniobranchs,  for  example. 
But  in  by  Jar  the  greater  number  of  Vertebrates,  the  cartilage 
does  not  play  so  great  a  part,  and  is,  nn  a  rule,  confined  to  the  base 
and  lower  parts  of  the  sidos  of  the  skull  ami  to  the  sense  capsulea, 
except  in  the  occipital  rt^gion,  where  it  always  extends  over  the 
brain.     The  rest  of  the  skull,  nioru  [>articulnrly  the  roof,  becomes 


.    Ttuil'll: 
THE  Am: 
r  FoiuHiNA.     (After  K.  liaupp.) 

<r  ttieir  foramina  arc  inclkeil^d  liy  Human  numerals  : 
foramina  fur  apino-ocotpital  nerves. 


directly  converted  from  membrane  into  bone  (investing  bones) ;  at 
the  same  time,  bones  may  become  differentiated  in  connection  with 
the  chondrocranium  itself,  which  is  thus  more  or  less  completely 
replaced  by  an  osleoermuum.  In  general,  the  higher  the  systematic 
position  of  the  animal,  the  less  extensive  arc  the  cartilaginous 
constituents  and  the  more  iniiKirtant  the  bony  ilements. 

The  investing  hmes  {allodosrs)  have  originally  no  direct  con- 
nection with  the  chonilrofmuiuut,  nnd  thus  may  be  contrasted  with 
those  bony  elements  which  are  formed  in  close  relation  with  it. 
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both  phylogenetically  and  ontogenetically.  These  perichoDdml 
bones  extend  into  the  cartilage  and  many  even  entirely  replace 
it  ("  endochondral "  bones) ;  they  may  therefore  be  called  repUtc- 
ing  or  mibstiluting  bones  (autoslosts)  (cf.  p.  45).  It  must, 
however,  be  borne  in  mind  that  the  st&go  of  development  at 
which  the  ditferent  bones  appear  gives  no  accuratti  basis  for 
phylogenetic  specnlations :  bonea  which  correspond  in  position  as 
well  as  in  other  respects  and  thus  appear  to  be  homologous,  may 
be  developed  in  different  ways  in  different  Vertebrates. 

The  development  of  bones  starts  from  so-called  "  centres  of 
ossification,"  of  which  there  may  be  several  in  a  single  resulting 
bony  territory.  An  earlier  or  later  fusion  of  these  centres  or 
even  of  entire  bones,  leads  to  a  reduction  in  number;  while  on 
the  other  hand,  "  supernumerary  bones"  may  occur  owing  to 
the  absence  of  fusion  between  separate  centres. 


b.  The  Viaceral  Skeleton  (Splancbnocranium), 

The  primarily  cartilaginous  visceral  arches,  which  are  developed 
successively  from  before  backwards  in  the  lateral  plates  of  the 
mesoderm,  encircle  the  anterior  section 
of  the  alimentary  canal,  and  are  situ- 
ated in  the  iuterbranchial  septa  (Figs. 
62   and   63).     The  branchial  apparatus 
at  first  lies  beneath  the  hind-brain,  and 
the  arches  are  thus  included  under  the 
cranial  skeleton,  of  which,  however,  they 
arc     mostly     genetically     independent. 
Later  owing  to  unequal  growth,  most  of 
the  gill-sacs  become   relatively  shifted 
backwards  so  as  to  be  situated  in  the 
region  of  the  trunk.   The  visceral  arches 
Fio.    62.  —  DiAOBAHHATic    arc   always    more    numerous  (in  some 
Trahsverse    Section    op     cases    there    are    as    many   as  nine)  in 
forms  which  possess  gills  than  in  higher 
V;*'"™.  »■.«;'».    'J-l*"  (Amniot,.).  in  »hioh  their  number 
pharynx,  enclosed  by  the    gradually  becomes  reduced  from  behmd 
viaceral  skeleton ;  1  to  4,     forwards :  they  may,  moreover,  undenro 
S:,pi5Jr t'^h  °':S^,    '  *«„gc  of  tonotion,  certain  of  then,  In 
'      '■  '   ■       -  >    -■     sonic  ca-ses  taking  on  definite  relations 
the     auditory    orgjin,    larynx,    and 
tongue. 

The  most  anterior  arch  arises 
first  and  servos  as  a  support  for  the 
walls  of  the  mouth  which  receive  their  nerve  supply  from  the 
trigeminal :  it  is  distinguished  fnjin  the  other  or  post-wal  arches 
as  the  vuindiliular  arch  (Fig.  63).     The  post-oral   arches  serve 


arch,  which  ia  united  w 
its  follow  by  a  basal  piece 
iCp) ;  Tr,  trabeculw,  which 
enclose  the  brain  [C)  v 
trally  and  laterally. 
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as  gill-bearers  in  the  Atiamnia,  but  even  the  fii-st  of  them,  the 
byind,  along  which  the  fitcial  nerve  extentia,  becomes  modified  from 
those  lying  behind  it :  these,  the  branchial  arrkfs  [iroper,  of  which 
there  are  usually  five  in  Fishes,  arc  iii  re'hitioii  with  the  glosso- 

Charyngeal  and  vagus.     All  the  visceral  arches  must  originally, 
owever,  have  borne  gills. 

Primarily  unsegmeated,  the  individual  post-oral  arches  may 
become  divided  up  into  portions  {pharyngo-,  rpi-,  eerato-,  and  kypo- 
hyai  or  branchial),  the  uppermost  of  which  lies  under  the  base  of 
the  skull,  while  the  lowermost  is  connected  with  its  fellow  by  a 
median  basal  piece  or  copula  {basihyal,  basil/ranckial). 

The  mandibular  arch  also  undergoes  segmentation,  and  becomes 
divided  into  a  short  proximal  piece,  the  quadrate,  and  a  long  distal 


hjoifi  arch  ;  L,  laliial  c&rtiisgca  ;  M,  Meckel'ti  cartilage  ;  N,  nnanl  caiMiilH ; 
O,  auditory  c«piiule  ;  I'Q,  y,  puIaUxjuailnite,  i:imn»«rt«i  «itli  tlio  trabecuU 
byligamentaatt ;  -S,  apiracle  ;  x;).r,  HpiiutlconI ;  Tr,  tnili«cuU  ;   T,  vert«l>ral 


TnamUfniiar  or  Meehers  cartilage  (Fig.  63).  The  quadrate  gives 
rise  anteriorly  to  a  process,  the  palaloqiia^lratc  or  palaio}}ter>/goid. 
which  usually  becomes  fixed  in  various  way  to  the  base  of  the 
skull  and  gives  rise  to  the  primary  upper  jaw,  Meckel's  au-tilagc 
forming  the  lower  jaw. 

The  quadrate,  which  primiwily  serves  as  a  support  (sitspcn- 
sorinm)  for  the  jaws,  either  remains  sepiimted  from  the  skull,  being 
only  connected  with  it  by  an  articulation  or  by  connective  tissue, 
or  becomes  united  with  it. 

The  hyoid  may  also  take  part  in  the  suspensorial  appiratus, 
and  thus  come  into  close  relation  to  the   mandibular  iireh  and 
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cranium:  its  upper  element  (pharyngohyal),  articulating  with 
the  skull  to  form  the  suspensorium,  is  then  known  as  the  hyo- 
mandibular  (Fig.  63),  and  from  it  (e,g.,  in  Teleosts)  a  symplectic 
may  be  differentiated  distally.^  In  the  mid-ventral  line  there  is  a 
basihyal  connecting  the  arch  of  either  side  and  embedded  in  the 
tongue  (entoglossal  or  glossohyal). 

Certain  smaller  or  larger  skeletal  parts  of  doubtful  homology 
form  a  kind  of  outwork  to  the  skull  anteriorly,  and  have  been 
described  as  prccranial  or  prc&i*al  elements.  Under  this  category 
are  included  the  labial  cartilages  of  Elasmobranchs  (Fig.  63),  and 
similar  structures  amongst  Teleostomes  and  in  certam  Anuran 
larvae. 


Relations  of  the  Chief  Investing  Bones  to  the  Ghondocranium. 

The  primary  relations  of  the  investing  bones  to  definite  parts 
of  the  cartilaginous  skull  are  not  in  all  cases  sufficiently  known, 
but  the  following  scheme,  formulated  by  Gaupp,  probably  holds 

food  as  regards  the  more  important  elements  (cf.  under  Special 
art  and  Figs.  67-95). 

The  paHetals  and  fronials  are  primarily  situated  on  the  roof  of 
the  skull  in  the  auditory  and  orbitotemporal  regions,  beyond  which 
they  may,  however,  extend.  The  squamosal,  which  in  the  Amniota 
is  developed  on  the  outer  wall  of  the  auditory  capsule,  is  also 
present  in  Bony  Ganoids  and  Teleosts,  but  in  them  loses  the 
character  of  an  investing  bone  (ct  p.  83).- 

The  investing  bones  of  the  ethmoidal  region  are :  the  nasal, 
su^yraethinoid  of  Teleostei,  prefrontal  of  Amphibia  and  Sauropsida, 
septomaxillary  (situated  in  the  posterior  region  of  the  nasal 
fenestra  in  Amphibia  and  Reptilia,  and  sometimes  extending  into 
and  beyond  the  nasal  capsule),  and  the  lacrymal  of  Mammalia ;  it 
is  doubtful  whether  the  last  mentioned  corresponds  to  the 
similarly-named  bone  of  Lizards  and  Crocodiles.  The  relations  of 
the  premaxilla,  maxilla,  and  vomer  to  the  ethmoidal  skeleton  are 
possibly  of  a  secondary  nature  (cf  p.  83).  The  parasphcnoid  arises 
m  the  mucous  membrane  beneath  the  cranial  floor. 

On  the  lateral  surface  of  the  palatoquadrate  of  Amphibians  is 
an  extensive  bone,  usually  known  as  the  squamosal,  but  called 
the  paraquadrate  by  Gaupp,  who  considers  it  to  be  homologous 
with  the  quadratojugal  of  Reptiles.  The  vomtr,  palatine,  and 
pterygoid  (including  the  ecto-  and  ento-pterygoids  of  Teleosts) 
probably  arose  as  tooth-bearing  investing  bones  on  the  palatine 
region  of  the  palatoquadrate,  and  are  therefore  traceable  to  the 
teeth  which  in  Elasmobranchs  are  present  along  the  cartilaginous 

^  It  is  possible  that  the  hyoid  arch  is  the  derivative  of  two  arches  which  were 

iiarily  separated  by  a  cleft. 

*  The  primary  relations  of  the  postfrontal  and  jugal  of  the  Anmiota  cannot 


primarily  separated  by  a  cleft. 

primary  rela 
at  present  be  stated. 
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upper  jaw.  In  Teleosts,  however,  the  vomers,  and  in  Amphibians  the 

Ealatines  also,  are  no  longer  situated  on  parts  of  piilato(jiiadrate, 
ut  are  related  to  the  ethmoidal  skeleton,  and  lie  benenth  the 
olfactory  capsules.  The  pterygoid  alone  retains  its  original 
relations  to  tne  palatine  bar  in  Amphibians  and  many  Reptiles. 

The  palatoquadrate  cartilage,  which  in  Elasmobmnchs  is 
situated  along  the  upi)er  margin  of  the  mouth,  represents  the 
primary  upper  jaw,  ancf  does  not  correspond  to  ihe  premaxillo- 
maxillary  bar  which  lies  externally  to  it  in  the  higher  Fishes  and 
in  all  Vertebrates  above  them.  It  is  possible  that  the  premaxillae 
and  maxillsB  were  originally  laid  down  in  relation  with  certain  of 
the  labial  cartilages  referred  to  above  (p.  82,  Figs.  63,  65,  and  66.) 

In  the  lower  jaw,  investing  and  tooth-bearing  bones  are  formed 
around  Meckel's  cartilage.  As  in  the  upper  jaw,  two  bars,  an 
outer  and  an  inner,  may  be  distinguished,  the  former  represented 
by  the  dentary  and  the  latter  by  the  splenial,  in  connection  with 
which  there  may  be  a  varying  number  of  presjilenials.  As  the 
teeth  on  the  primordial  lower  jaw  of  Elasmobmnchs  maybe  looked 
upon  as  corresponding  to  splenial  teeth,  it  is  possible  that  the 
dentaiy,  like  the  premaxilla  and  maxilla,  may  have  been  originally 
formea  around  a  primary  skeletiU  element  situated  anteriorly  to 
the  primitive  jaw. 

The  purely  integumentary  ossifications  also  of  the  lower  jaw 
are  investing  bones  of  Meckel's  wirtilage :  great  confusion  exists 
as  regards  their  nomenclature  ("  dennanf/n/arj*  ''  dcrmnrticidar" 
"  stipra-angular,'*  '*  coronary  "). 

Certain  tooth-b(\iring  bones  are  fonned  in  connection  with  the 
hyobranchial  skeleton  of  Teleosts  (.mpcrim-  and  inferior  plKuyngcal 
honeSy  "  dennobranchiah,''  '*  derr/initof/h/ssal  ").  In  higher  forms, 
investing  bones  are  only  exceptionally  present  in  connection  with 
this  part  of  the  primoniial  skeleton. 


Relations  of  /?i^  Rqjlacing  Hones, 

The  following  are  usually  looked  upon  as  ossifications  of  the 
occipital  region  (cf  Figs.  67-95) :  the  haaiinripital,  cxoccipitah 
(pleuroccipUah),  and  supraoccijrital :  the  last  mentioned,  however, 
usually  arises  from  the  ossification  of  that  ])art  of  the  roof  of  the 
skull  {tectum  Bynolicnm,  Fig.  ()0)  which  belongs  to  the  auditory 
region.  The  supraoccipitals  and  exoc^cipitals  usually  extend  into 
the  auditory  capsules,  in  each  of  which  (otic  region)  arise  the 
periotic  bones,  including  an  opisthotic,  epiotic,  prootic,  S2)hcnotiCy  and 
pterotic :  of  these,  the  most  constant  element  is  the  prootic.  The 
sphenotic  and  pterotic  occur  only  amongst  Fishes,  in  which,  how- 
ever, the  pterotic  does  not  remain  independent,  but  unites  with  a 
dermal  bone  to  form  the  scjuamosal,  which  is  thus  made  up  of  an 
atUosquamosal  and  a  dei^mospcamosal . 

G  2 
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In  the  orbito-temporal  region,  a  basisphenoid,  a  presphenoid, 
alisphenoids,  and  orbitosphcnouh  may  occur.  In  the  ethmoidal 
region  lateral^eihmoids  and  pre-cthmoids  arc  present  in  bony  Fishes 
and  a  single  ethmoid  in  Mammals.^ 

The  quadrate  region  of  the  palatoquadrate  usually  becomes 
ossified  as  a  quadrate  bone.  In  Bony  Ganoids  and  Teleosts  there 
is  also  a  metaptci^goid,  and  an  autopalaiine  at  the  anterior  end  of 
the  palatine  bar  which  mostly  fuses  with  a  dermopalatine. 

An  articular  is  usually  formed  at  the  proximal  end  of  Meckel's 
cartilage,  and  anteriorly  and  posteriorly  to  this  zone  of  ossification 
an  autocoi*onary  and  other  bones  may  be  developed  (Teleosts). 
The  anterior  end  of  Meckers  cartilage  usually  becomes  ossified  as 
a  mentoTiiandibular  (jnentomeckelian)  which  may  become  fused  with 
the  dentary. 

In  the  hyobranchial  skeleton,  the  individual  segments  may 
be  uniformly  ossified  {e,g,  stylohyal,  glossohyal,  and  the  segments  of 
the  branchial  arches) ;  but  frequently  several  ossifications  may  occur 
in  a  single  segment. 


Special  Part. 

In  Amphiozus  the  vestigial  brain  is  merely  surrounded  by  a 
thin  layer  of  connective  tissue,  and  there  is  no  proper  cranial 
skeleton.  The  margin  of  the  oral  funnel  and  the  cirri  arising  fix)m 
it  are  supported  by  cartilage-like  skeletal  rods.  The  branchial 
skeleton  consists  of  a  series  of  elastic  rods  of  a  cuticular  nature, 
which  are  connected  together  dorsally  by  arched  portions  and  by 
transverse  bars  at  different  levels,  but  which  remain  separate 
ventrally.  A  comparison  between  these  and  the  branchial  skeleton 
of  higher  forms  is  rendered  all  the  more  impossible  by  the  fact 
that  no  definite  boundary  between  the  head  and  trunk  can  be 
recognised. 


Fishes  (including  Cyclostomes). 

The  skull  of  Fishes  exhibits  very  great  differences  in  tlie  various 
groups,  and  in  many  cases  reaches  a  high  degree  of  complication. 
It  is  therefore  only  possible  to  give  here  the  merest  sketch  of  its 
characteristic  structure  in  the  different  Orders. 

In  Cyclostomes,  the  skull  is  developed  essentially  in  the 
manner  already  described.  Later,  however,  it  shows  many  special 
peculiarities  (Fig.  64),  probably  in  consequence  of  the  suctorial 
(Petroniyzon)  or  parasitic  (Myxine)  mode  of  life  of  these  animals: 
the  most  important  of  these  is  the  absence  of  jaws  such  as  are 

^  It  is  still  uncertain  as  to  how  far  the  replacing  bones  of  the  cranium  called 
by  the  same  names  in  different  Vertebrate  groups  are  really  homologous. 
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present  in  all  other  Cmniata ;  for  this  reason  those  fumiB  are 
spoken  of  as  Cyflostumata  to  distinguish  them  fruiii  the  other 
craoiate  Vertebrates  or  Gnathostomata . 

In  addition  to  the  peculiar  histological  differences  in  the  struc- 
ture of  the  cartilage,  many  other  special  characters  of  the  skull  arc 
seen  not  only  in  the  Class  as  a  whole,  but  alao  in  the  two  Orders, 
which  must  have  become  specialised  very  early  along  different 
lines,  so  that  a  comparison  between  them  is  rendered  difficult. 
The  low  character  of  the  skull  is  marked  by  the  imperfect  develop- 
ment of  the  cartilaginous  brain-box,  and  thus  most  of  the  cerebral 
nerves  on  making  their  exit  from  the  skull  are  but  slightly  or  not 
at  all  surrounded  by  cartilage:  moreover,  the  anterior  region  of 
the  spinal  axis,  which  in  Onnthostomes  l>ecomea  assimilated  to  the 
cranium,  remains  unditforentiatcd,  so  that  an  occipital  region  is 
wanting  and  the  vagus  makes  its  exit  behind  the  skull  ("palato- 
cranium")  and  not  through  its  walls. 

The  jaw -apparatus  has  doubtless  become  (legencmted,  and 
indications  of  its  former  presence   may  possibly  be   recognised. 


ginouB  part*  aru  ilottiil.  a.il.r,  anterior  dorHa)  cartiUgc ;  a.lnl.r, 
r  Utenil  cartilngc  :  'in.r,  nnnulnr  cnrtilnjjo  ;  dti.'-,  auililorv  capiuli;: 
hr.h,  1—7,  vertical  liam  (if  lffnnolii«l  Imiikct ;  hr.cl,  l—l,  ex  tern  ul  branchial 
cleft! ;  tn.r,  eomual  cartilagu ;  rr.r,  craninl  roiif ;  ?.r,  J— .f,  lonKilmlinnl 
ban  of  branchial  basket;  hj.c,  liuuiml  onrtijiit^  i  wt'.r,  mixliaii  ventral 
CMlilage:  ita.cin,  nattal  aperturu  ;  nrS,  notiichordj  ,Vi'.  2,  furftmeii  tor  optic 
nerve;  o//f,  olfactory  capsule ;  j-r.c,  periianljnl  oartila;^ ;  ;>i^,  nostorior 
dOTsal  cartilage  ;  p.lai.e,  posterior  latural  cartilage  i  iJi.oc.a,  nubociilar  arch  ; 
af.p,  atyloid  procesB ;  •'y-c,  Htylifonii  I'artilago ;  I,  lectli. 

Thus  certain  similarities  between  the  subocular  arch  (Fig.  64, 
st.  M.a.)  and  the  paktoquadnite  of  the  Frog-tadpole  were  i>ointed 
out  by  Huxley;  the  posterior  latcml  cartilage  (y.lat.c)  is  perhaps 
comparable  with  Meckel's  cartiliige  and  the  styl.iid  process  (sf.p) 
and  eomual  cartilage  (cti.c)  with  the  hy<iid.  A  numlier  of  other 
cartilages  supporting  the  anterior  jmrts  of  the  hi.-ad  cannot  well  be 
directly  compared  with  parts  of  the  gnnthostomatous  skull. 

Iq  the  adult  Lamprey,  for  iustance,  the  suctorial  muuth  \& 
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supported  by  various  skeletal  elements,  ntnongst  which  may 
be  nienlion^  a  ring-like  cartilnge  (an.e)  around  the  margin 
of  the  dome-shaped  oral  funnel,  between  the  dorsal  side  of 
which  and  the  brain-case  are  a  couple  of  large  overlapping  carti- 
lages {a.d.c,  p.d.c) :  the  tongue  is  eupported  by  a  long,  lingual 
cartilage  (iff.c),  and  besides  the  other  elements  shown  in  Fig,  6+, 
cartilages  are  present  in  the  velum  at  the  base  of  the  oral  funnel. 
On  the  mucous  membrane  covering  the  annular  and  lingual 
oartilages  inside  the  oral  funnel  are  a  number  of  horny  teeth. 
The  fibrp  cai-tilaginous  olfactory  sac  is  unpaired,  and  opens  on  the 
dorsal  surface  of  the  head  by  a  single  ntwtril.  Itie  visceral 
skeleton  also  shows  many  exceptional  peculiarities :  it  consists  of 
a  scries  of  uuseguicnled  rods  produced  into  short  processes  and 


(Froin  T,  J.  Parker's 


avd.ep,  auditory  capsule;  hr.a.t — 5  branchiiil  arohes ;  6r.?-,  ir.r',  branchial  rays 
ariainK  from  the  hyniii  auil  braachinl  arohes ;  Cr,  craaium  ;  cz.br,  exttSi- 
hrancEiiil  mrtilajjeB ;  fty.cn,  ventral  part  of  fayoid  arch  j  hy.ia,  hyoman- 
dibulur)  III,  labial  cartilage;  tg.ljf,  lijj^meuts  Bupporling  the  jaws  from 
the  urnnium  ;  l.J,  MBckel's  cartilage ;  Nv.  j(,  upUc  loranieQ ;  Sv.  S,  foramen 
(or  Irigemiual  and  (aciol  nerves:  of/'-'T',  olfactory  capsule;  or,  orbit;  r, 
roBtral  cartilage  ;  «/../,  palatoquadrale.  (The  spiracular  cartilage  is  not 
indicated. ) 

connected  with  one  another  by  longitudinal  bars,  the  whole  forming 
a  delicate  cartilaginous  basket-work :  the  last  bar  is  connectt3 
with  a  cartilage  in  the  walls  of  tlie  pericardium.  This  basket- 
work  has  a  very  superficial  position. 

In  Myxine  the  biunchial  skeleton  is  rudimentarj",  and  amongst 
other  peculiarities,  the  long  nasal  passage  is  surrounded  by 
cartilaginous  rings  and  communicates  with  the  pharynx  by  a 
naso-palatine  duct. 

No  fossil  Cyclostomes  are  known,  but  Paiaospondylus  gunni 
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from  the  Old  Red  Sandstone  of  Cnithncss  possibly  shows  iiSiniticH 
with  this  group. 

In  Elaanobranohi  the  skull  presents  the  simplest  conditions 
and  most  oaaily  comprehensible  relations,  so  that  it  niny  be  taken 
as  the  starting-point  for  the  study  of  the  skull  of  all  other  Verte- 
brates. It  consists  of  a  situplc  cartilaginous  and  fibrous  capsule 
more  or  less  movably  articulatttd  with  thu  vcrtebml  column,  tho 
chondrocraiiium  hero  reaching  its  highest  development  .(Figs.  65 
and  66),  while  from  the  Elasmobnincns  unwanls  it  imdorgoes,  uii 
the  whole,  a  gradual  reduction  owing  to  the  increasing  import- 
ance of  the  ostcocranium.  The  skull  may  become  more 
or  less  calcified,  but  true  bones  are  never  formed.     The  librous 


^el 


Fio.  06.— RKtiLL  OK  (Jhimirm  moiuiroM,  I.^tkk.^i. 

Parker  ami  IlaawcU's  Zii<>l»j3,  aiier  IFulin 

,   poaitloii   of  anterior  Bemii'irculsr    caii&I  ; 


!ht.) 


hjalj/r.rf.  frontal 

i.o.»,  interorbital   nepti 

Dunilible  ;  Ne.  3,  opti  ... 

capinle;   op.r,  iipcn'ilUr   mja;   juil.ijii,  palatiniuiulrotu  ;  fA. 

hyal ;  p.'.r,  ponitioii  of  poatvrii 

r,  nMtram, 


■iiKiiit  fcirampn  :  o{f.rp,  iilfautiiry 

atiniuiulrotu  :  fA'hy.  pliaryngii- 

ri'ular  cuiml ;  711,  iiiiuclratv  regiim  ; 


portions  (/mtanelles)  arc  most  marked  in  the  prefrontal  region, 
except  in  the  tropibasic  skull  of  the  HoJoccphnIi,  in  which  thcru  is 
no  prefrontal  fontanello  and  the  intcn)rl)it!»l  region  consisT^i  of  a 
thin  membranous  septum  between  the  large  cyoM  {Fig.  (Hi). 

As  in  idl  Vertebrates  above  CycJostoiucs,  an  assimilation  of 
vertebral  elemonts  has  taken  in  tlie  occipital  region,  m  that  the 
nerves  belonging  to  the  vagus-group  pcrfimite  the  ukull ;  the  part 
of  the  skull  situatwi  piwti;riorly  to  these  foramina  ha.s  therefore 
been  described  as  a  "  neocrtmittvi. "  (cf.  p.  8.5). 

The  nasal  region  is  often  elongated  to  form  a  cut-water  or 
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rostincm,  at  the  proximal  end  of  which  the  olfactory  sacs  are 
situated,  their  cavities  being  separated  from  the  cranial  cavity  by  a 
membrane.  Behind  them  are  the  deep  orbital  hollows,  which  arc 
bounded  posteriorly  by  the  strongly  projecting  auditory  capsules. 
Labial  cartilages  (cf.  p.  82)  are  present  in  connection  with  the  lips, 
nostrils,  and  jaws. 

The  palatoquadrate  meets  with  its  fellow  in  the  middle  line  and 
is  usually  connected  with  the  basis  cranii  by  ligaments  (Fig.  65).  A 
process  may  be  present  on  it  which  articulates  at  some  point  with 
the  trabecular  region.  In  the  Chimaeroids  (Fig.  66)  it  becomes 
immovably  fused  with  the  cranium,  whence  their  name  of 
Holocephali.  In  the  Sharks  and  Rays  the  palatoquadrate  is  not 
directly  united  to  the  skull,  but  is  suspended  from  it  by  the 
hyomandibular  (p.  82,  and  Fig.  65).  In  this  case  the  skull  may  be 
described  as  hyostylic,  to  distinguish  it  from  autostylic  skulls,  in 
which  the  hyoid  takes  no  part  in  the  suspensorium.  In  Notidanus, 
both  mandibular  and  hyoid  arches  are  independently  connected 
with  the  skull,  which  is  therefore  spoken  of  as  amphistylic.  A 
vestigial  cleft,  the  spiracle,  is  situated  in  front  of  the  hyomandi- 
bular, and  leads  into  the  pharynx ;  on  its  anterior  wall  may  be 
found  remnants  of  the  embryonic  spiracular  gill,  beneath  which 
are  one  or  more  spiractdar  cartilages  which  probably  represent  gill- 
rays  (cf.  below).^ 

In  Plagiostomes  the  palatoquadrate  and  lower  jaw  are  provided 
with  numerous  teeth,  arranged  in  rows ;  in  the  Holocephali  the 
teeth  have  the  form  of  strong  and  sharp-edged  plates. 

The  bmnchial  skeleton  is  relatively  smaller  in  the  Holocephali 
than  in  other  Elasuiobranchs,  in  which  it  is  always  richly  developed, 
and  owing  to  secondary  segmentation  and  also  to  fusion  of  its 
parts,  exhibits  characteristic  modifications.  On  the  outer  circum- 
ference of  each  branchial  arch,  as  well  as  on  the  hyomandibular 
and  hyoid,  radially-arranged  cartilaginous  rays  are  developed,  which 
serve  as  supports  for  the  gill-sacs  (Fig.  65)'.  Externally  to  these 
rays  rod-like  "  extra-branchial "  cartilages  are  present :  these 
correspond  to  the  displaced  uppermost  and  lowermost  gill-rays. 

In  Plagiostomes  the  gill-slits  open  freely  on  to  the  surface  of 
the  body,  but  in  the  Holocephali  a  fold  of  skin,  the  gill-cover  or 
operculum  arising  from  the  hinder  border  of  the  hyomandibular, 
overlies  them.  In  the  frilled  Shark  (Chlaraydoselachus)  there  is 
an  indication  of  an  operculum. 

Amongst  Ganoids,  the  lowest  condition  is  met  with  in 
those  forms  in  which  the  hyaline  primordial  skull  is  still  retained, 
immovably  fixed  to  the  vertebral  axis,  part  of  which  becomes 
secondarily  assimilated  to  it.  These  forms  are  spoken  of  as 
Cartilaginous  Ganoids.     The  presence  of  definite  bones,  however, 

^  A  small  basiinandibular  element  has  been  described  in  Leenuugoa,  mm]| 
mandibular  rays  can  be  recognised  in  the  primitive  Pleuracanthidae  Son  tibe 
Permian  formation. 


divides  them  shnrply  off  from  Eliwui.ibmiifhs,  ami  slmws  thnt 
their  skull  has  reachtxl  i\  much  hifjhcr  stajjf  of  ilcvflitpiiu-rit. 
These  bones  have  the  form  nf  richly  sciiljitiin-tl  (itiitfs  and  sliii-lds. 
and  are  developed  partly  frum  the  iiiuchim  mt'inhnuic  lining  the 
mouth  and  covering  the  visocnd  Mkflcton.aiul  [nirtly  fmin  tin-  .skin 
covering  the  roof  of  the  skull,  when'  the  arrangi'meiil  of  th>'  Imues 
(e.ff.  frontals  and  panotitis)  typical  of  hiphir  forms  eim  to  simie 
extent  be  recognised.  A  narrow  ]>ariisphfiMiil  forms  a  iXM>f  to  ilu- 
oral  cavity.  The  operculum  is  mori'  pnmounfcd  than  in  thi' 
Holocophali,  and  is  also  su|)|Mirted  by  Imues  (cf  p.  !KH.  Tin- 
whole  |>alato-manilibulHrap|k-im(us— which  is  com]iai-ativi']ysmiill. 


ileliMry  j  tf\,  aixlitory  carniili; ;    llm 

tirnt  to  fifth  lirfiiictiiiif  nrclicK,  with  t 

branchial  (a),  tlio  e]ii)irniir'liia|  (A),  tliu  .tiiuKiIhhikIiUI  (' 

branchial  (if) ;  Ih,  inti'rliVHli  //,  ojilic  fonniiiii  :  Mfl,  in.ni 

cavity;  OA,  neural  an  litu':    fW..  ..iliit  ;    /'/',  .lA'.  [HWti.rlii 

proceww*  ;  l'<^,  [wlatojuailralv ;   /'-.   /V,   /■>",  iiiirni|ihi'iiiii<l  i  /'-/',  liniiiul 

■pinna;  <Ju,  (|ua<imte  :  It,  nihltiiiii:    Hi,   HIh  i   S/iX,  ujH'rtiir>"<  Im   •\i\tm\ 

miaent  ridge  on  the  Iuihih  cr  inii, 

benrs  no  teeth,  and  in  relatinn  with  which  huirs  arc  lorim-il  is 
connected  very  loosely  with  th<-  ■ik'iM  by  nicaii-*  of  a  hymaii- 
dibular  and  symnleetic,  ;u  w^-l]  as  )iy  li^rann-iitH  <l''i;r.  (J7^. 

The  dermal  KKcli-ton  attains  ;i  niii<-li  iiior>-  coiisiil<-nilili:  iI>-V'<-]op- 
ment  in  the  Bony  UanuiiU  ^('nwsopi'-ryffii  ami  H'llo-ti-ij,  iin<l 
gives  rise  to  a  detinc  armour  com[msc<l  •>{  iiiirm;r<>iih  boH'^n  lyin^ 
on  the  roof  and  extending  into  all  \iiiTU  of  tht;  hknll  ami  jaw» 
(Fig,  68,  A  and  Bj:  amongst  thi--?^:  may  Ik;  iioUai  it  mitliun 
(Amia)  or  paired  (Poiypttrnis)  jugular  plate  bulween  th«  nimi  of 
the  mandible.  Id  addition  to  the  inventing  botm, replacing  Umif. 
are  present  in  (he  occipital,  otic,  orbitotetniMtKl-  ud  •tbmoidal 
ngiou.    IiiiMting  ana  nplaeiiig  boP  v  to  thotu 
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of  Telcosta  (p.  1)2)  also  occur  in  connection  with  the  palatofjTiad- 
nite  and  the  entire  visceral  skeleton,  including  MeckeVa  cartilage 
and  the  branchial  arches, 
J^^  Though    still    largely    re- 

tained, especially  in  Amia, 
the  cartilage  thus  becomes 
relatively  reduced  as  com- 
pared with  the  cartilagin- 
ous Ganoids  (Fig.  68,  n). 

At  the  posterior  end  of 
the  trabeculBP.  which  only 
remain  separated  from  one 
another  by  a  narrow  slit, 
a  lateral  baai  pterygoid 
process  arises  in  Lepidos- 
teus  for  articulation  with 
the  palatoquadrate  arch, 
which  is  thus  connected 
with  the  skull  not  only 
indirectly,  through  the 
hyomandibular,  but  also 
directly. 

The  opercular  bones  are 
morehighlydeveloped  than 
in  cartilaginous  Ganoids, 
and  may  include  an  oper- 
culum, a  preoperculum,  a 
suboperculum,  and  an  in- 
teropcrculum  as  well  as 
branch ios legal  rays ;  the-ao 
in  part  correspond  to  in- 
vesting bones  of  the  carti- 
laginous by  Old  rays.  A 
symplectic,  an  interopercu- 
lum,  and  branchiostegal 
rays  are  wanting  in  Poly- 
ptenis. 

The  branchial  skeleton 
in  Ganoids  consists  of  four 
r  five  more  or  less  strong- 
ly ossified  and  segmented 
gill-arches,  decreasing  in 
size  autero  -  posteriorly 
(Fig,  67j ;  in  Bony  Ganoids 
the  surface  which  looks  towards  the  throat  is  beset  with  teeth. 

The  Ganoidei  are  of  special  interest,  as  they,  with  the  Elasmo- 
branchii,  constitute  almost  the  entire  Fish-fauna  through  the 
Silurian,  Devonian,  and  Carboniferous  periods,  and  as  the  Teleostei, 


b,  r,  d,  «upnu)UcipiLal  sLieUp.  The  two 
WTOWB  pointing  ilownwaliis  un'ler  llio 
Bpiracular  bIiiuIiIi  thun-  the  posilton  of 
tlie  opening  of  tho  Hpirncles  on  lo  the 
outer  surface  ot  tho  >kull.  F,  frnntol ; 
It,  mnnilla ;  Jf,  nasal;  Xti,  exlemBl 
noBtril  i  Op,  opcretilam  ;  Or*',  orbit ; 
pnriHtnl ;  J'tnn,  premaxillu ;  PO.  pre- 
opercalum!  Sb,  Sli ,  anterior  and  jMBterior 
auborbital ;  SO,  siibopcrcutum  :  "  ~ 
spirocaUr  bonea. 
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which  appear  Inter,  are  dimbtk-sw  dorivi'd  from  thi-iti.  Thoy  show, 
moreover,  a  connection  with  the  Diimui  and  with  thi'  oliii'st 
Amphibia  from  the  CiirbonifcnJiiH  ami  lYum  fStej,i«'ii)hiili). 

In  the  Teleosti,  the  skull  (Figs.  (J!)  ami  70j  pri's<>iiKs  a  lar^c 
amount  of  variation ;  itn  groii nil-plan,  howcvor  niny  always  In.- 
derived  from  that  of  the  Bony  Ganoids,  an  in  Ix-st  seen  by  a  <^oni- 


II.  (Wb.— Ski-ij 

ItaTlKU.     (From  Trmiunir.) 

4,  angular:  vtr.articiilar:  />,  lirntarv  :  A",  m.'utlmi'.i-l  ;  I'.m.  foniiiii-n  r 
/V,  fronUl ;  f.e,  kteraUtlimoia  ;  .If...  iimmIIi  :  .V.i,  .V"',  ih.-i.l  uii.l  < 
tuuol* ;  *r,  oci-i|>itiil :  iJ,  ii.iHal  ii]iiTtiin- :  «;.,  ii[H'r-'iitiirti  ;  '■/'.'-.  '>|' 
O.I.   "i»  tcnnitiAle  ":  /M.  iKiiirtiil:  /'wr.  i>[i'iii»tillii ;  /•.',  ihmIk 

Pr/,  pmtpkriatal :  f^H.  iiiiBilratv :  S.h,  S.I,;  ■.iifi.,rliii.iN ;  S.O/ 1>  "ix 

Sp,  spl^nial ;  tiKtth.  *' iii>1ienetliiii>iiil,"  in  Tlii-'irr.i>>>.|i}ii-t    '  ' 
n^on.  reacmblinf;  the  likC'niim«l  tmncnf  Aii'^r.i  •/ 
preKpincular  owk'lt^  ;  >'.',  Mi|>r:iti'iiiji'ir.tl- :    }'.  ]••■• 
Y\  r',  smaller  tht*k  iil.t.-i :   l.  iy".t.|.i....^ii..r  . 


:-/..... -1.1.. 


parison  of  the  Silnmiils  with  Aiuia.  'In  tli.-  otli.-r 
relations  with  the  Amphibia  an:  obsi-rvabl'-.  and  k<-  rmi-i 
the  whole  gronp  of  the  bony  Fishi.-s  an  »  r\'i<-  limii'li  'it'  il 
phylum. 

Hoehof  the  cartilagiooiu  primordial  itkull  [iir^i^it-, 


92  COMPARATIVE  ANATOMY 

TelMstei  (Fig.  70),  and  in  this  rospc^t  such  formfi  as  Argypopelecua 
and  Cyclothone  ucclinidens  deserve  special  mention.  The  cranial 
cavity  may  reach  between  tho  eyes  as  far  as  the  ethmoidal 
region,  or  may  become  reduced  to  a  narrow  cartilaginous  and 
fibrous  interorbital  septum. 

In  addition  to  the  general  account  of  the  various  investing  and 
replacing  bones  of  the  skull  on  pp.  82-84.,  the  fullowiug  points  may 


art,  nrtiuutnr ;  biiiiicAiW,  brnnchiastegnl  nyn  ;  dent,  itenUry  : 
supraethinoid  ;  /i;  froutal ;  Ayom,  liyomauilihular ;  iitto/ . 
Jiig,  jngsl ;  iu;j(,  me»opt«r^gniil ;  7U'/il,  metopterygoiit  ;  wjr,  mbxilU : 
nunl ;  orbilal  ring  i  op,  operculum  ;  pal,  pululiiio ;  ikc,  parieUd  i 
P.mx,  pmrnanilU ;  pf*^,  preoiwroiilum :  pi,  pterygdJ ;  pitr.  pUmtin 
(Miuiumwil) ;  Qiiaii.  iiuitdrate  ;  imre,  HUpraocc^ipital ;  '•pho',  iphcnotic ;  tiibop, 
RllDopcrculuiii  i  Ztiugr,  tongue. 

be  mentioned,  and  the  reader  is  referred  to  Figs.  69  and  70  for 
further  details. 

As  in  nanoida,  the  chief  roofing  bones  of  the  skull  are  the 
parictals  and  frontals,  the  former  of  which  may  be  separated  from 
one  another  by  a  pi-ocesa  of  the  eupraoccipitaf.  Laterally  tt)  the 
frontal  is  a  sphenotic.  which  extends  backwards  to  the  ptorotic 
(si|uamo8al,  cf.  p.  H3).  8upratemporab  and  jugular  plates  aru 
never  present. 

Forming  the  latei-a!  walla  of  the  skull  in  the  orbital  i 


tAI.MON     AFTKR    RRMOVAL  OP  TIIR  JaWH 

t  ButJEH.     From  the  right  si<lo. 
n  longitDilinnl  suction.     The  cartjlagiuoui  piirts  ore  ilotUd  in 
.        both  Rgiires. 


epiot,  epiotic  j  «3       .  ,    , 

nerve  ;  opitlh,  opisthutiu  ;  orli^ph,  orbitoxpli 
prool,  priHitic ;  jwj'ft,   imrftHphetioi ' 


t'    Uh/r,  froiiUl;   X.o{/,  <Mim\  tor  the  olf»ct4iry 
ph,  orbitoiiplieiioiil ;  jifini,  ptiTotio  (iii|uanii)ml) ; 
i]iraoeci|iitiiI ;  /•jiho',  nphcnotjc  ; 


an  ossified  zone,  the  anterior  ami  powtonor  parts  of  which  nr« 
nauaDy  known  respectively  aa  the  oroitosphenoid  and  ulisphonoid. 
On  the  base  of  the  skull  is  a  biusisphenoid,  ventrally  to  which 
ifl  H  parasphonoid,  developed  in  the  mucous  membrane  of  the 
month.     More  anteriorly  ia  ji  vomer,   and   laterally  the   palate- 
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quadrate  bar,  which  remains  separate  from  its  fellow  and  is  con- 
nected with  the  skull-base  anteriorly.  In  connection  with  the 
anterior  part  of  this  bar  the  palatine  (investing  and  replacing 
bone)  is  formed,  and  with  the  posterior  part  a  quadrate. 
Between  these,  bony  elements  are  developed  wnich  are  known  as 
pterygoids,  of  which  may  be  distinguished  a  replacing  meta- 
pterygoid,  an  entopterygoid,  and  an  investing  mesopterygoid  or 
ectoptcrygoid  (cf  pp.  82-84).  These  bones  are  already  represented 
in  Bony  Ganoids,  and  form,  together  with  the  base  of  the  skull, 
the  roof  of  the  oral  cavity. 

The  olfactory  sacs  are  sunk  in  the  ethmoid  cartilage,  in  which 
region  supraethmoid  and  lateral  ethmoid  (ectethmoid)  bones  are 
developed. 

In  the  auditory  region,  as  in  Bony  Ganoids,  are  a  prootic,  an 
epiotic,  and  an  opisthotic,  the  most  important  of  which  is  the 
prootic.  The  opisthotic  usually  does  not  form  an  actual  part  of 
the  auditory  capsule,  with  which,  however,  as  already  mentioned, 
other  bones  (pterotic,  sphenotic)  may  come  into  relation. 

In  the  occipital  region,  with  which  vertebral  elements  are 
assimilated,  are  exoccipitals,  which  largely  or  entirely  surround  the 
occipital  foramen,  and  a  basioccipital,  as  in  Bony  Ganoids,  as  well 
as  a  very  variable  supraoccipital,  which  is  wanting  in  the  last- 
mentioned  group  (Fig.  68,  b).  Where  the  basioccipital  is  in  contact 
with  the  vertebral  column,  it  presents  a  concavity  containing 
notochordal  tissue.^ 

Forming  the  margin  of  the  upper  jaw  are  a  premaxilla  and  a 
maxilla.  These  play  an  important  part  in  all  Vertebrates  from 
the  Bony  Ganoids  onwards,  but  in  Telcosts  more  particularly  they 
show  considerable  variation  with  regard  to  their  relative  develop- 
ment, form,  and  arrangement,  and  in  many  cases  the  maxilla  takes 
no  part  in  bounding  the  actual  gape  of  the  mouth,  and  does  not 
form  a  continuous  bar  with  the  premaxilla.  Of  the  bones  in  relation 
with  the  oral  cavity,  the  vomer,  the  parasphenoid,  the  premaxilla, 
and  the  maxilla  may  bear  teeth.  The  maxilla,  however  is 
edentulous  except  in  the  Physostomi.^ 

Besides  the  above-mentioned  bones  in  connection  with  the 
jaws,  the  cranial  capsule  of  Teleosts  is  surrounded  by  other  out- 
works consisting  of  bony  plates  and  bai;^.  These  arise  as  true 
dermal  bones  in  the  region  of  the  eyes  {orbital  ring),  and  in  the 
gill-covers  (opercular  bones) :  the  latter  are  similar  in  number  and 
name  to  those  of  many  Bony  Ganoids  (p.  90).     A  large  number  of 

^  A  curioue  asymmetry  is  seen  in  the  head  of  adult  Pleuronectidn.  When 
hatched,  these  Fishes  are  quite  symmetrical,  but  later  on  the  eye  of  one  side 
becomes  rotated,  so  that  eventually  both  eyes  are  situated  on  the  same  side  ;  in 
consequence  of  this,  the  skull  also  becomes  asymmetrical.  In  many  Teleoats  a 
canal,  lying  in  the  axis  of  the  base  of  the  skull,  encloses  the  eye-moaolea,  and 
opens  on  either  side  into  the  orbits. 

^  The  tactile  barbules  present  on  tho  head  of  many  Fishes,  (e.^.,  SiliUoidB) 
arc  supported  by  skeletal  parts  (cf.  p.  82.) 
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hranehiostegal   rays  arc   developed   in   the  ventral   parts  of  the 
opercular  fold  or  branchiostegal  meinbnine  (Fig.  GO). 

Anteriorly,  the  opercular  apparatus  lies  against  a  bony  chain 
consisting  of  three  pieces — the  hyoinandibular,  syniplectic,  and 
quadrate — which  serves  jis  a  8Us|)en8orial  apiKinitus  for  the  lower 
jaw  (Fig.  69).  The  latter  consists  of  Meckel's  cartilage  and  of 
several  bony  elements,  the  largest  of  which  is  the  toothed  dentjxry : 
the  others  are  the  articular,  angular,  and  coronary.  The  last  two, 
however,  may  be  wanting.  The  articular  is  developed  in  the 
articular  portion  of  Meckel's  cartilage,  which  latter  is  ensheathed 
by  the  dentary  and  angular. 

The  hyoid  arch  is  usually  followed  by  four  branchial  arches  and 
a  rudimentary  fifth  which  forms  the  "  inferior  pharj'ngeal  bone." 
The  dorsal  segments  of  these  arches  become  fused  together  to 
form  the  "superior  pharyngeal  bone,"  which,  like  the  inferior 
pharyngeal,  usually  bears  teeth. 

The  skull  of  Dipnoans  is  in  a  sense  intermediate  between 
that  of  Chima^roids  and  Teleostomes  on  the  one  hand,  and  that  of 
Amphibians  (more  especially  Urodeles)  on  the  other.  In  various 
respects,  however,  it  presents  special  charactei*s,  such  as  the  marked 
metameric  segmentation  of  the  occipital  region  and  the  relations 
of  certain  of  the  investing  bones. 

The  chondrocranium  is  retained  almost  entirely  in  the  most 
primitive  existing  representative  of  this  group — Ceratodus,  and  to 
a  large  extent  in  the  other  two  genera :  the  only  ])erichondral 
bones  being  a  pair  of  exoccipitals  (Fig.  71).  The  (K*cipital  region 
is  firmly  connected  with  the  vertebral  axis,  and  the  two  or" 
three  anterior  vertebral  elements  which  are  united  with  the  skull 
may  possess  more  or  less  distinct  neural  arches  and  spines  {e.g, 
Protopterus) :  the  vagus  nerve  pjisses  through  a  space  between 
the  auditory  caj)sule  and  first  neural  arch.^  A  large  *' cranial 
rib"  articulates  with  the  hinder  part  of  thc^  skull  on  either 
side,  in  a  position  corresponding  to  the  thin!  occipitiil  neural 
arch. 

The  cranial  cavity  extends  forwanls  between  the  orbits  to  the 
ethmoidal  region  (platybjisic  type),  and  its  front  wall  {Uimina 
cribrasa)  is  largely  cartilaginous.  The  cartilaginous  nasid  ca[>sules 
are  lattice-like,  and  jis  in  all  Vertebrates  higher  in  the  scale,  each 
nasal  cavity  communicates  with  the  mouth  by  internal  nostrils : 
the  external  nostrils  are  covered  by  the  upper  lip.^ 

The  ethmo-nasal  region  is  covered  by  a  median  dermal  supra- 
ethmoid,  postero-laterally  to  which  is  a  su])raorbital  bony  lamella 
('*  dermal  lateral  ethmoid  "),  and  articulating  with  it  ])osteriorly 
in  the  median  line  in  Ceratodus  is  another  unpaired  bony  lamella 

*  In  the  embryo  of  Ceratodus  it  has  been  shown  tliat  there  are  five  inyotoincs 
anterior  to  this  point. 

*  There  are  two  so-callecl  '*Ubia1  cartikigcs,''  one  of  which  uriseH  from  the 
tfmbeeoler  rupan,  pMiing  behind  and  to  the  outer  side  of  the  external  nostril,  and 
tlie  oUier  pmably  bekmgn  to  the  naaal  skeleton. 
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("  scleroparictal ").  The  lust  mentioned  element  is  wanting  in 
the  other  two  genoni,  in  which  an  unpaired  frontoparietal  covers 
the  roof  and  piirt  of  the  side  walls  of  the  chondrocranium,  on  the 
venti-al  side  of  which  is  a  large  parasphcnoid. 

The  squamosal  is  closely  applied  to  the  solid  palatoquadrate 
_.:i —  which  becomes  fused  with  the  cmnium  (autostylic  type), 


Fig.  71.— Skuij,  w 


parietAl ;  Jli,  membranous  fonlaiiclle,  perforated  by  the  optic  foruneo  (IT)  ; 
Hy,  ceratoliyoid  ;  KR,  cranial  rib  ;  Kn,  coraco- scapular  cartilage ;  LK, 
clavicle  ;  MK,  Bnpniclavicle  ;  NK.  fenestrated  cnrtilasinous  hmbI  capenle ; 
Ob,  auditory  capsule :  Ore,  exoccipital.  witli  the  hypoglosaal  foramina ;  Op, 
operculum  ;  Oji,  intero]>erculum,  overlying  cortilaRinons  veatigee  of  hyoid 
rays  ;  PQ,  palatopterygoicl.  which  converges  towards  its  fellow  at  P(^  ;  8E, 
dermal  auproethuiuid ;  SK,  uuproorbital  (dermal  lateral  ethmoid) ;  Sq, 
squamoaal,  overlying  the  quadrate  cartilage  ;  Tr,  palatoquadrale  cartilage ; 
Ir,  W,  vertebral  elementa  with  their  neural  spines  [Pfp)  united  with  the 
skull :  X,  facet  on  the  pectoral  arch  for  articulation  with  the  basal  segment 
[i)  of  the  lin  ;  '*,  vestigial  lateral  rays  on  the  basal  segment  of  the  fie  ;  I — 3, 
the  three  tolIowinB  secnients  ;  tti  projections  of  Meckel's  cartila^  ;  I— V, 
branchial  arches  :  land  II  arc  segmenteil  (concerning  the  bar  uising  from  I 
anteriorly,  ct.  note  on  p.  97). 

and  in  connection  with  which  a  palatopterygoid  bone  is  present. 
A  preniaxillo-maxillary  arch  is  wanting. 

The  strong  lower  jaw  is  ossified  by  an  angular  and  a  splenial, 
and  in  Ceratodus  a  dentiiry  is  also  present.  Meckel's  cartilage 
extends  freely  for  a  short  distance  anteriorly. 

The  teeth,  which  are  sharp  and  blade-tike,  are  borne  on  the 
palatopterygoid  and  mandible ;  small  "  vomerine  "  teeth  are  also 
present,  though  there  is  no  actual  vomer. 
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The  hyoid  arch  consists  on  either  side  of  a  large  ceratohyal, 
and  in  Ceratodus  a  small  hyomandibular  and  hypohyal,  as  well  as 
a  median  basihyal,  are  also  present.  The  five  branchial  arches  ^ 
are  comparatively  small  and  weak,  and  some,  or  even  all  of  them, 
may  be  entirely  unsegmented  (Lepidosiren)  . 

The  Dipnoi  constitute  a  very  ancient  group,  which  must  have 
diverged  finom  the  main  piscine  stem  at  a  very  early  period,  for 
they  occur  in  the  Tri«as  and  Carboniferous,  and  even  extend  into 
the  Devonian  and  possibly  into  the  Silurian. 


Amphibians. 

Urodela. — The  skull  of  tailed  Amphibians  is  distinguished 
fix)ra  that  of  bony  Fishes  in  general  principally  by  negative 
characters, — on  the  one  hand  by  the  presence  of  less  cartilage  m  the 
adult,  and  on  the  other  by  a  reduction  in  the  number  of  bones 
(Fig.  72).  In  brief,  its  structure  is  in  many  respects  simpler,  and 
becomes  modified  in  adaptation  to  the  different  mode  of  life. 
Moreover,  no  nerve-ai:)erturcs  are  present  in  the  occipital  region 
behind  that  for  the  vagus ;  but  as  this  region  extends  to  a  slight 
extent  posteriorly  to  the  vagus  foramen,  it  appears  that  a  reduction 
has  here,  taken  place.  The  occipital  pirt  of  the  skull  has  the  form 
of  a  neural  arcn,  united  with  the  auditorj*  capsules  above  and 
broadening  out  below  where  it  abuts  against  the  notochord,  form- 
ing a  basal  plate  primarily  including  vertebral  elements,  on  the 
posterior  surface  of  which  are  two  occipital  condyles,  as  in  all  other 
Amphibians  (Figs.  GO  and  72).  An  cxoccipital  bone  is  developed 
on  either  side. 

The  platybasic  cranium  is  not  laterally  compressed  in  the 
orbital  region,  and  the  brain,  flanked  by  the  cartilaginous  and 
bony  cranial  walls,  extends  between  the  orbits  as  far  as  the  olfac- 
tory capsules,  at  which  point  the  cranial  cavity  is  closed  by  a  mem- 
branous (Triton)  or  cartilaginous  (Salamandra)  ethmoid  region 
(lamina  ci*ibi'03a),  perforated  by  the  olfactory  nerves,  or  in  certain 
cases  by  special  modifications  of  the  frontal  bones  (Proteus,  Sala- 
mandra perspicillata).  The  anterior  part  of  the  lateral  cranial 
wails  may  be  ossified  as  an  orbitosphenoid.  The  well-developed 
auditory  capsules  are  connected  with  one  another  dorsal ly  by  a 
narrow  cartilaginous  bar  (tectum  synotimcm) — all  that  remains 
of  such  an  extensive  cartilaginous  roof  as  is  seen  in  Elasmo- 
branchs :  this  is  retained  in  all  the  higher  Vertebrates.  In  the 
ossification  of  the  capsules  the  prootics  take  the  chief  part,  and 

*  In  Protoptenis,  a  delicate  cartilaginous  rod  arises  from  the  first  branchial 
arch  (Fig.  71),  concerning  the  homology  of  which  opini(ms  ditfer.  It  may 
represent  the  first  branchial  arch  (ana  in  this  case  the  number  of  branchial 
arches  is  six) ;  or  it  may  belong  to  the  hyoid  arch,  thus  indicating  that  the  latter 
is  primarily  double  ;  or,  again,  it  may  possibly  corres^wnd  to  a  branchiostegal  ray. 
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later  unite  with  the  exoccipitals.  A  new  and  important  modifica- 
tion as  compared  with  Fishes  is  the  presence  of  an  aperture,  the 
fenestra  ovalis,  s.  vesHhnli,  on  the  outer  and  lower  side  of  each 
capsule,  and  corresponding  to  part  of  the  original  space  between 
the  capsule  and  the  parachordal  cartilage.  This  fenestra  is  closed 
by  a  cartilaginous  plug,  the  stapedial  plate,  which  is  connected  with 
the  quadrate  and  paraquadrate  (see  p.  82)  by  ligament,  or  by  a 
cartilage  or  bone  {columella  auris),  the  two  structures  probably 
together  corresponding  phylogenetically  to  the  upper  section  of  the 
hyoid  arch  (hyomandibular),  though  this  homology  can  no  longer 
be  traced  ontogenetically.  The  olfactory  capsules  are  well 
developed  and  arise  in  part  independently  and  partly  in  connection 
with  the  converging  trabecular.  In  Necturus  and  Proteus  they  are 
delicate  and  fenestrated,  and  united  with  the  cranium  by  connec- 
tive tissues  onlv. 

The  snout  is  limited  anteriorly  by  the  toothed  premaxillae, 
which  usually  more  or  less  completely  enclose  a  cavity  (inter- 
maxillar}'  or  internasal  sinus)  containing  a  gland.  Each  external 
nostril  is  bounded  by  the  nasal  process  of  the  premaxilla,  the 
nasal,  .and  the  toothed  maxilla,  and  a  small  investing  bone,  the 
septomaxillurv,  is  also  present  between  the  maxilla  and  nasal  in 
relation  with  the  nostril.  The  premaxilla^  and  maxillfp  form  the 
upper  boundary  of  the  gape.  Between  the  ni\sal  and  maxilla  is  a 
prefrontal,  and  medially  to  this  a  frontal,  followed  behind  by  a 
parietal,  which  partly  covers  the  auditory  capsules. 

Forming  the  greater  pirt  of  the  skeletal  roof  of  the  oral  cavity 
iuid  strengthening  the  skull-base  is  a  large  and  broad  parasphenoid 
(Fig.  72),  which,  as  in  Fishes,  is  sometimes  provided  with  teeth. 
It  extends  forwards  from  the  occipital  region  to  the  olfactory  cap- 
sules, closing  over  the  basicranial  fontanelle,  and  ventral  to  it  is 
the  paireil  and  toothed  vomero-palatine  \k\\\  the  two  elements 
comprising  each  of  which  become  fused  in  adult  Urodeles,  but  vary 
much  in  form  and  arrangement.  The  vomerine  part  of  this  bar 
is  situateil  beneath  the  olfoctory  capsule  and  is  in  contact  with  the 
premaxilla  and  maxilla,  thus  helping  to  strengthen  this  region,  at 
the  jH>sterior  pirt  of  which  is  the  internal  nostril,  situated  much 
more  jx>storiorly  than  in  Dipnoans.  Internally  to  the  suspen- 
sorium  is  a  pterygoid  bi>ne.  a  process  of  which  extends  forward 
towards  the  maxilla. 

The  suspensorium  is  much  more  simple  than  that  of  Fishes 
{Figs,  72  and  73i  It  consists  of  the  p;\lat<x)uadrate  only,  with 
a  quailmte  ossification,  and  has  usually  four  typical  processes  con- 
necting it  with  surrounding  parts  (pedicle  or  basal  process,  otic, 
ii^vndnig,  and  pterygoid  processes).  The  quadrate  ^  becomes  fused 
seci>ndarily  with  the  skull,  and  on  its  outer  surface  is  an  investing 

^  Iq  Tyfiiti-frifon  tyrr*u\^>»^  the  quadrate  semis  forwards  a  process  which 
oonnev'i*  it  with  the  maxilla,  and  thus  forms  a  lower  zygi>matic  arch  or  infirm- 
teiup^^ral  arciule. 


'W 


I  ri0.7&.— SKfLi.  ••>  .■ 

iriorMno(  "«lli.pli«noi<l"  ir-i..;,  .  ■',',    .  ,:■.  \.  ■\-„„:    r,- ,;  ,,;.i!,  ;.,  i  ,■,,■,..,1 

■ndlwry  o»piiule»;  L'ih,   n.!-.:  ■■  ■  ..i  /■', 

feUl  i  /v.   fonuiwii  for  tJit  "li  1      -  I  .-.  .1 

FtMW  aiile  by  till:  Blapcdial  ]jli>t<  '  r     ■  ''"''' 

^^tIIv   lo  fortn  proocdsca   |7'/''",li.|      1  ,■'     i h-i^   iii,    .M'.mii   .i.i-ifiIi. 

1    iiyl,    Ijgamoiit  bslWuun   tliu  xUiih'i-  iinrl  sxi-m'tinnriiiiii ;    .1/,    iiiniilU; 

■aol  i  Jf'i.  externat  iKMLrila  1  NiC,  nHwl  (lapsuli!  i  OA,  kiuHtory  i.«[wule 

MUGoipitsl  1  0»,  ijrl(itii»iih»ni»iil ;  Osp,  Iwluiti  aynotiuuiu  i  J',  p«ri«t«l  1 

K  prefrDitiil,  jierfc.raUsl  at,  D  for  the  Inorvmnl  durt  ;  PI,  pilfttina !  Pmx, 

^        ' prnpust.  I'KD,  pedicle,  anil  Pn,  aacending  proceu  of 

Ijitinc  priHWJiM  of  inaxilU  ;  /'•,  panupliBiioiil ;  I*!,  bony 

■■■' - "''  ■  "  ■    jiuiilmte;  Hl,\»\iTi\  of  (mtrani.'i* 

I  intu  UiB  imwil  oaptiilc :  AV/n, 
-i|ii.iiin)»al") :  jTi-,  trebcoula  ;   Tu.  vomer  i   I'm",  vumeropnU- 
:  Z,  tongue  like  outgriiwtli  of  the  iiilciiuubl  plate,  whii^ti  fbrtnpi  a  rcmf 
■  the  jntornaul  oavlty  ;  //.  nptlc,  V,  trigeminal,  ami  VI t,  fncial  toiKininii. 
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bone,  the  paraqicadrate  (Gaupp),  usually  described  as  a  squamosal. 
The  (Quadrate,  exoccipital,  prootic,  orbitosphenoid,  and  columella 
arise  m  the  perichondrium  and  are  replacing  bones,  while  all  the 
others  are  investing  bones. 

The  temporal  region  is  either  uncovered  by  skeletal  parts, 
or ,00  upper  zygomatic  bar  {mpnUemptyi-al  arcade)  is  formect  by 
processes  of  the  paraquadrate  and  frontal  respectively,  and  indi- 
cates a  reduction  of  a  more  marked  development  of  bone  in  this 
region  such  as  occurred  in  the  Stegocephali. 

In  connection  with    the   lower  jaw  are   usually  developed  a 

replacing  articular  at  the  proximal  end  of  Meckel's  cartilage,  and 

investing  splenial  and  dentary  bones.      The  rest  of  the  visceral 

>>vft^e'ton    of   Urodeles    undergoes    various   modifications   in   the 


Fio.  73,— Skull  and  Visckrai,  Abckeis  ov  Mtimpoma.     From  the  side. 

I,  mandible ;  II,  hjoid  ;  III- VI,  branchial  arohea  ;  qu,  quadrate,  covering  which 
ie  the  paraqiuulrate  ("equamosal''] ;  ar,  articular;  mk,  Meckel's  cartilage 
eiicloBcd  hy  the  deatary  bone. 

different  types.  We  may  consider  the  ground-form,  as  exhibited 
in  the  larva,  to  consLat  of  five  pairs  of  bars  in  addition  to  the 
mandibular  arch  (Fig.  73),  in  which  latter  the  palatoquadrate  and 
Meckel's  cartilage  chondrify  independently.  The  anterior  bar,  or 
hyoid,  consists  of  two  pieces.  (Fig.  74.  a),  as  do  also  the  two  first 
branchial  arches.  The  third  and  fourth  branchial  arches  are  much 
smaller,  and  even  vestigial  in  Salamanders.  All  these  bars  are  . 
connected  with  a  single  or  double  basal  piece.  At  the  close  of 
larval  life,  that  is,  when  the  gills  are  lost,  the  two  hinder  pairs  of 
arches  disappear  entirety,  wTiile  the  two  anterior  pairs  undergo 
changes  as  regards  form  and  position,'  and  may  become  more  or 
less  ctensely  ossified  (Fig.  74,  B — d). 

O^nnophlona. — In  contrast  to  the  extensive  and  compact 
ohondrocranium  of  most  Urodela  and  of  Anura,  that  of 
the  limbless  Amphibians  consists  of  delicate  cartilaginous   rods 

'  In  the  genuB  SpelerpcB,  which  posscBses  a  sling-like  tongue,  the  dorsal 
leKuient  of  the  first  branchial  arch  grows  out  into  a  long  cartilaginmu  filament, 
wmch  extends  far  back  under  the  doraal  int«gument  (Fig.  74,  d). 


SKULL  101 

separated  by  wide  spaccx ;  ainl  even  when-  connecU-iI  Hhocts 
of  cartilage  are  present,  they  are  very  dulicnte  und  thin.  At  the 
same   time   the   Bknil   noarly  rescmblea   that  of  Urodeles  (mure 


to  fourth  ceratobranchial  i  Kill,  (tTiktohyal  ("  Hliti'riiir  niniii "  of  liyiiil  ji 
Cadiidhranchit — the  "piwleriiir  iiirnii"  iM-ing  tmulu  upof  HfAr  I  anil  //  iiiiil 
Kthr  I).   Rod.  II  ariseH  in  Salmi iniidni  niii  mclarily  ililriiig  i>i<:tniiior|>hiuiiii. 

especially  perennibmnehiati'  fomis)  in  M]iite  of  a  considerable 
reduction  in  its  parts — c»iH'Cmtly  in  the  iK-ci)iilal,  aiKliti)ry,  and 
orbital   regions,   as  well   as   of  the    peculiar   anil   characteristic; 
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Siphoiiopii 


Ap,  externul  iitistrjl ;  iiiiy,  angulnr ;  Car,  ouioLld  fciruiiii.-ii ;  Ch,  iiilemal  nostril ; 
Co,  iKvipilKl  coiiitjle  :  itenl,  ilenlary  ;  IJK,  apvi'lurca  fur  iliiuU  iif  tenlnoillHr 
uUnii  I  £,  Bthiiioid  Kg^ao  ;  F,  frontal ;  M,  msnilla  ;  iTinr,  DnBg-premtuiilla ; 
Orfc,  orbit;  /■«/,  pabLline;  Po,  pelroHo-ocvipiUI :  /V ''/>'•  P*li^t'ne procen 
of  tlio  niwo-prunmxiJU  arui  of  the  iimxiila;  Pt,  pantsptienoii),  uiiital 
poBlei'iorly  with  the  atiditory  nnd  (ivcipital  elements ;  Pi,  pteryauiil ;  (Jh, 
i]Uiu]rat«  ;    Sq,    parM|uailrHlu   ("  £(iiiiui'.o«il  ") :   Slii,   HlJip«uis1  ptati; ;     Vo, 

D,  Iff' )br'itiuhin1  tipparaliiB  of  (lie  iHrvu  of  Irhlhyoph't  g/ufinom.  After 
P.  onil  F-  Snriwiii,);  Co  I.  2.  fint  and  Bitwiid  Iwral  eWmcnUi  (uopulw):  " 
hyoid  :  1—  IV,  l.iaiicliiiil  iirrliPB, 
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solidarity  of  the  osteocmniuiii,  doubtless  due  to  adaptntiun  jn 
cosnection  with  the  burrowing  habits  of  this  group  (Fig.  75). 
The  differences  are  due  essentially  to  tho  more  extensive  ossifi- 
cation, and  to  the  fusion  of  certain  of  the  bones,  e.g.  the  ])ara- 
sphenoid,  otic,  and  occipitJil  elements,  and  the  premaxilln  and  nasal. 
The  temporal  region,  moreover,  is  more  or  less  covered  by  bone, 
and  the  ethmoid  skeleton  ia  well  develope<l,  the  solid  nasal  septum 
enclosing  no  gland. 

The  post-mandibular  visceral  skeleton  consists  in  the  larva, 
as  in  that  of  Urodeles,  of  a  hyoid  ami  of  four  branchial  arches 
which,  however,  have  a,  more  primitive  and  piscine  form  and 
anaogement  and  are  less  reilnced  than  in  Umdeles  (Fig.  75,  d). 
In  the  adult,  the  me<lian  basal  connection  between  the  first  and 


A  app«ratiii  :  /',  fnnilal ;  Ff,  parictitl  furami'ti  ;  .V,  uinxitlit ;  .V, 
nual  ;  JVn,  noatril :  'A-,  xi-lomtic  liiit;  (i>rl>iul  bimi.'x]  j  /',  parictiil ;  t'f, 
■pntronlaX ;  I'mz,  prt'iiiaxilU ;   .V-'-,  MU]ira..cti|riiiil. 

second  branchial  arches  disappears,  and  the  vestige  of  the  tburth 
arch  unites  with  its  predeci'ssor. 

The  skull  of  tho  fossil  8t«gocepliall,  sumo  of  which  were 
comparatively  gigantic,  was  covered  by  a  much  larger  number  of 
dense  and  firm  bony  shielrls,  and  a  foramen  was  present  in 
the  parietal  region,  which,  like  that  in  modem  Liziuds,  is  in 
relation  to  the  pineal  apparatus  (Fig.  76;.  A  row  of  bony 
sclerotic  plates  was  iiauatfy  present  aroimd  the  orbit  like  those 
of  Birds  and  certain  recent  and  fossil  Keptiles  («.y.  Lizards, 
Ichthyosaurus).  Many  of  these  forms  possessed  the  same  number 
of  visceral  arches  as  Urodeles,  and  it  has  Iwen  shown  that  they 
'e.g.  Branchiosaunm)  underwent  a  metamoqihoais. 

The  cUsB  Amphibia,  like  the  Keptilia,  was  of  much  greater 
importance  in  earlier  periods  of  the  earth's  history  than  at  present, 
but  existing  forms  cannot  be  tra(;e<l  directly  to  those  of  the 
Carboniferous  and  Permian  strata. 
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C:prH.iii/,  interior  prenaaal  carUlaKu  ;  Cr.n.ii,  subnuBal  crest ;  Eth,  spbenetli- 
moiil :  F II — r,  fora mind  for  cerebral  nerves ;  /'iM».roitd,  condyloid  toasa,  in 
whicli  an.'  the  foramiiin  tor  tiic  IXtli  and  Xtli  cerebral  nerves ;  Fr.jar, 
frontoparietal:  I,max,  premaxilla  ;  Maj;  maxilla;  iVu,  noaal ;  Ckc.lat,  ex.- 
occipital :  Pal,  palatine  ;  Para,  parasphunoid  ;  Pr.fronS,  frontal  process  of 
maxilla ;  Proof,  proutic ;  P'\~y;i,  zygoiiiatiL'  process  of  pafoquodrate ; 
PrAia«.Q,  bawl  pi*OL'esB  of  quadrate  :  /'rjifir.V<  pl^''Jgo>d  process  of  quad- 
rat* i  Plfr,  MetygM  ;  Q  max,  cjuadratojugal  (or  quaclratomaxitla)  ;  Qwtdr, 
iiuadrate  ;  Tfl.'yn,   tettum  synoticum  ;  Ty,  paratjuadrate  ("  squamoaal  ") ; 

Anura.^Tht'  skull  of  adult  tailless  Batrachia  is  at  first  eight 
very  similar  to  tliat  of  Urodeles :  it  is  platybasic,  and  the  occipital 
region  has  the  same  morphological  value.     It  undergoes,  however, 


efipeci&lly  in  the  parts  siii-nmiiding  tlii>  k^jk-,  an  esscntiiilly 
diSereot  and  much  more  coiiiplicateti  divilopment,  ami  camiiit  in 
any  way  be  directly  derived  fruin  that  of  tailed  Amphibians,  an 
that  the  common  iincostral  form  nnis't  bt'  songht  in  vcrj'  early 
geological  periods.  The  chondntcranium  (Figs.  77  and  7H)  ia 
much  more  extensive  than  in  Unwleles,  and  is  hirgcly  retained  in 
the  adult,  the  bones  not  gaining  thf  ii|)per  hand  to  such  an 
extent. 

The  lana,  or  tadpole,  in  adaptation  to  tho  nature  of  its  food 
and  mode  of  feeding,  pi)asesscs  n  suctorial  month,  providwl  with 


Latebal  View   or  a   Wax   Mini 

Chondkockanktm  ui'  A  Voim;  flat 
Stapedial  Plate  anil  ('dunivlU  aev 
indicated.     (AftiT  t  lau|iii. ) 

Ubial  cartilages  and  horiiv  jaws  and  donticlei*.  The  ailii-ulation 
of  the  lower  jaw  with  the  jialatixjuadrate  is  situated  verj',  far 
forwards,  and  at  metamorphosis  becimios  shitUd  backwards, 
thus  causing  a  considei-aole  widening  of  thu'  gape  of  the 
mouth. 

An  important  ailvaiu-c  on  other  Amphibia  is  seen  amongst 
Anura  (e.g.  Banidtpj  in  connection  with  the  auditory  organ.  Thi' 
first  visceral  (hyomandibular  orspiracularuleftdisippears  entirely 
during  development  in  the  I'nxlela  and  Uymnuphiona,  but 
becomes  modified  in  many  Anura  to  form  a  EnHtat-hian  title, 
opening  into  the  pharynx  and  leading  into  a  ti/mjHtiiic  wvity. 
Tixe  latter  is  closed  c-vternally  by  a  tympanic  membrane  supported 
by  a  cartilaginous  ring  [luuwAm  tunqiumeus}  Figs.  77,  C,  and 
78),  and  to  it  the  distal  end  of  th.'  coUimella  fp.  t>8)  i.s  attached. 

'  Cf.  under  Auditory  Oitjiiii.  'I'hu  tyinp-liiU'  riii^  U  n  di'i'lvutiic  uf  tlie 
p«I«toquadrati:. 
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On  the  dorsal  side  of  the  chondrocmniiitn  are  a  large  median 
anterior  fontanelle  or  fenestra,  and  a  smaller  paired  posterior 
fontanelle,  and  the  cartilage  becomes  replaced  By  bones  in  the 
occipital,  auditory,  and  ethmoid  regions  (Figs.  77  and  78).  There 
are  paired  exoccipital  and  proolics  and  a  sphenethmoid,  the 
lateral  parts  of  which  correspond  in  position  to  the  orbitosphenoids 
of  Urodeles,  and  which  encircles  the  whole  skull ;  it  also  forms  a 
front  wall  to  the  cranial  capsule,  perforated  by  the  olfactory  nerves. 


Fr.  Ziegler. ) 
Gai'tilage — blii 


,  Yocsu  Haiia  Icviporuria,  2  cii.  ix  Lenijth, 

FROM     TUB    DuKSAJ.    SmK.      THB    IsVESTISO    _ 

Lkft  Side  (x  ABT.  !1,)    After  Oaupp,  from   auiodelby 


i  replacing  boims— i/roy  ;  invesling  bones— yettow. 


The  frontal  and  parietal   of  either  side  are  as  a  rule  fiii 

thus  giving  rise  to  a  frontoparietal.  The  maxillary  bar  growa 
backwards  much  further  than  in  Urodeles,  and  becomes  connected 
with  thesuspensoriunj  by  means  of  a  snmll  intermediate  bone,  the 
quadratojugal,  or  quadratomaxilla  (Figs,  77  and  78).  There  is 
thus  a  loicer  zf/gomatie  arch  fcf.  p.  i)8) ;  an  upper  zygoma  like 
that  of  many  IJrodeles  is  never  developed,  and  consequently 
the  temporal  region  is  uncovered  by  skeletal  parts.  The  polato 
quadrate  is  united  anteriorly  with  the  cartilaginous  nasal  capj 


rows  I 


this  is  charocleristiu  for  the  AiiiirH{«xcept  R<»nixinn)  jih  ouiii|»an!d 
with  the  Urodela.  (For  the  relationH  of  th«  bitties  bounding  thu 
mouth-cavity,  cf.  Figs.  77,  A  Jind  B).' 


.  79— A.  HvimkAsriiui,   Skki.ktun  iir .\   t. 
IN  Lenotk.  fkum  tiik  Dohhai.  SiI'K.     11.  T 

AKVAI.  H-l. 

'iikSauk.i 

LbNOTH,    at   TMK    KM)  IIF  MkTAMXHI'MIII'IH. 

Tail.    C.    Hyoio  Cartii-auk  i.k  a  V..r^. 
TM  Vbstrai.  Side. 

AITKK    1)1 

i  Fh...:.  :• 

ftm)iomii'<.  -M  MM, 


i.hU-1k  hUvt 


(All  thew  ligiircii  arv  (r 
A  and  B  (in  part),  Amnri  /-/  r,  l.nnchial  nn-liHK  :  l-',m.  Irrm.  I    ill.  term 

commUouren  of  Hsnic :  <'<•}•,  IhwhI  pinte  (I'opiiln) :    Hi/,   \\yii\i\  ;    I'r.aui. 

Pr.l/U.hj/,  Pr.fit^.hy,  anterior,  lutcriil,  hiiiI  jHHierior  [irticoHKeK  cil  Ui?  hji 

Spv-.  I — tV,  otrliUgiiiouH  pnH.-f»iieK. 
B  (in  part)  and  C.     Corji.nirt.hg.  Uxly  nf  liv'iiil  rnrtila^^;  I.'iifh  jinur-.  nnXe 

cornii;  jfan,  "manubrium "  :    I'r.nl,  alary  prm^Kn ;   I'r.niit,    aiilrrior   ] 

ixru:      Pr.po'tJaf,    ponteni  latiTiil    priicfw  ;     /'rjhyi-.fxntl.m'il,    thyroid 

poalero-mcdial  procem  (poolcrior  coriiu.) 


The  bonos  of  the  l.n 
anguloaplenin]).     At  tht- 

*  A  EeptoDuiillMry,  hcl))ii 
pKMntt,  as  Id  Urodcin  (p.  ffH). 


cr  jaw  ur>' 


. .  _, lU-ntjiry  ami  an  imgulnr  for 

flistiil  cnil  of  Mci-ktsl's  tiirtiljigi;  n  mnall 
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portion  ("  lower  labial  cartilage  **  of  larva)  is  bent  inwards  towards 
the  median  line  and  unites  with  its  fellow  in  a  symphysis,  forming 
in  the  adult  the  mentomandibular  (p.  84). 

There  is  a  much  greater  reduction  of  the  branchial  skeleton  at 
the  close  of  larval  life  than  inUrodeles.  In  the  larva,  representatives 
of  the  hyoid  and  of  four  branchial  arches  can  be  recognised,  but 
these  are  all  united  together  and  form  a  continuous  structure  (Fig. 
79,  a).  The  greater  part  of  the  broad  basal  parts  of  this 
apparatus,  as  well  as  the  four  branchial  arches,  disappear  during 
metamorphosis.  The  hyoid  cartilage  of  the  adult  (b,  c)  is 
formed  partly  from  the  remains  of  the  hyobranchial  cartilages  of 
the  larva  and  partly  by  new  outgrowths  from  it. 


Reptiles. 

The  skull  in  Reptiles  is  extremely  complex  and  varied  as 
regards  its  bones  and  their  relations.  Although  differing  markedly 
in  many  important  respects  from  the  cranial  skeleton  of  Am- 
phibians, the  ground-form  of  the  latter  is  distinctly  recognisable, 
especially  in  the  primitive  Hatteria  and  in  Lizards.  On  the  other 
hand,  numerous  points  of  similarity  are  seen  in  the  skull,  as 
well  as  many  other  parts,  of  Reptiles  and  Birds,  which  are, 
therefore,  included  together  under  the  term  Sauropsida, 

In  spite,  however,  of  the  similarity  of  plan  of  the  amphibian 
and  reptilian  «kull,  it  must  be  borne  in  mind  that  no  recent 
Amphibian  lies  on  the  direct  line  of  descent  of  the  Reptiles, 
though  certain  fossil  Amphibians  (Stegocephali)  and  Reptiles,  as 
well  as  the  existing  Hatteria,  help  to  bridge  over  the  space  between 
the  two  Classes. 

In  order  not  to  cause  confusion  by  reference  to  the  multi- 
farious details  which  present  themselves  in  dealing  with  the 
reptilian  skull,  it  will  be  as  well  to  consider  first  its  more 
important  characteristics,  many  of  which  are  common  to  the 
Amniota  in  general,  before  treating  specially  of  the  various  Orders. 
In  this  general  description,  the  lacertilian  skull  will  be  chiefly 
referred  to  as  a  typical  form  (Figs.  80  and  82). 

Apart  from  its  naso-ethmoidal  region,  the  chondrocranium 
plays  no  important  part  in  Reptiles  subsequently  to  the  embryonic 
period,  and  it  no  longer  forms  such  a  complete  structure  as,  e.^., 
in  Anura,  but  is  considerably  reduced  and  frequently  largely 
fenestrated  (Fig.  80).  This  want  of  completeness,  however,  is 
later  partly  compensated  for  by  the  investing  bones,  and  as  the 
ossification  is  very  considerable,  a  firm  and  solid  skull  results. 

The  cranium  includes  three  more  vertebral  elements  than  in 
Amphibia  (p.  97),  so  that  the  foramina  for  the  three  roots  of  the 
compound  hypoglossal  nerve  perforate  the  skull.     In  all  Amniota 


the  cnmio-vertebrnl  boumlnry  is  in  ft  itiinilnr  relftlivc  posiliun,  in 
affihe  of  difierenci^  of  form  in  thin  reeion.  The  cerebm-naHal 
"  '"k  which  is  horlnmtal  in  Ainphibiniis,  [xh'oiik^  moroor  li-ss  bant 
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downwimlx  in  fr<jiit  of  ilu-  iott'htrbital  re^oa,  and  thus  caiuea 
varioiu  modtficattui»  m  n.-ganlH  the  relations  of  the  niual  and 
etmoial  oavitiM  (cf.  Fig.  90). 
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The  cmnial  bones  (Figs,  80-Hfi)  are  much  more  iimiieroiis  ami 
varied  in  fonii  than  in  recent  Amphibia.  TKe  solid  base  of  ihe 
skull  is  formed  by  bones  developed  on  a  cartilaginous  foundation, 
viz.,  of  a  basioccipital  and  a  basisphenoid,  on  which  latter  there 
may  be  a  basipterygoid  prucens  on  either  side  for  articulation  with 
the  pterygoid  bone.  An  alisphenoid  ossification  may  be  present ; 
presphenoids    ami    nrbitOHpheiioitls    are     nsiialiy    wanting.     The 


parasphettoid,  which  plays  so  important  a  part  in  the  Auamnia 
as  an  investing  bone  on  the  roof  of  the  mouth,  undevgoos  a 
gradual  rtduction,  but  can  still  be  riicognised,  although  more  or 
less  included  within  the  basisphenoid  :  it  may  be  represented  bv 

hemtemjmral  os-tifi cations  which  unite  with  thi?  latter  bone,  antl 
it^  anterior  part  may  foriri  a  hasisphenoklal  ro-iiruiii.     Above  the 
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basioceipitjil  are  a  pair  i>f  exoccipitals,  and  above  these  again  a              ^^H 
supraoccipital,  which  arises  in  the  cartilage  of  this  region  (tectum              ^^H 
synotititm,   cf.   p.   97).      In   contradistinction   to   the    Amphibia,                        1 
only  a  single  condyle  connects  the  skull  with  the  vertebral  column                         1 
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formed  of  three  jiarts,  derived  from  the  basioccipitiit  and  exoccipitals               ^^H 
I'espectively.                                                                                                          ^^^H 
The   auditory  capsnlcs  are   ossified  from    three   centres,  the               ^^H 
most  important  of  which,  as  in  Amphibians,  is  the  prootic,  which               ^^^| 
usnally  remains  free,  the  epiotic  uniting  with  the  supraoccipital               ^^^H 
and   the   opisthotic  with  the  exoccipitEd.     A  fciiettra.  rotunda  is              ^^H 
present  in  the  walls  of  the  capsnle  in  addition  to  a  fenestra  ovalis.              ^^H 
into  which  latter  the  stapedial  plate  of  the  bony  columella  is              ^^H 
inserted  (cf.  p.  98),  and  the  tympanic   cavity  in  most   Reptiles             ^^^M 
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communicates  with  the  pharynx  by  means  of  a  Eustachian 
tube.^ 

In  most  Reptiles  a  fibro-cartilaginous  interorbital  system  is 
present  (tropibasic  character,  p.  77),  but  there  is  much  variation 
in  its  development,  and  the  interior  part  of  the  cranial  cavity 
tends  to  become  more  or  less  reduced  and  shifted  dorsalwards. 

On  the  roof  of  the  skull  the  parietals  usually,  and  the  frontals 
sometimes,  are  fused  together:  a  median  so-called  "parietal 
foramen"  (under  Brain)  is  present  in  certain  recent  ana^fossil 
forms.  The  frontals  and  panetals  are  either  confined  to  the  skull 
roof,  or  may  also  take  part  in  forming  its  lateral  walls.  Prefrontals 
and  postfrontals  are  also  present,  and  there  may  be  a  postorbital 
in  addition,  as  well  as  a  series  of  supraorbital  bones  posteriorly  to 
the  prefrontal  and  laterally  to  the  frontal,  forming  the  upper 
margin  of  the  orbit.  Anteriorly  to  the  frontals  are,  in  most  cases, 
a  pair  of  nasals,  and  laterally  to  the  largely  cartilaginous  ethmoid 
region,  the  lacrymals. 

Anteriorly  to  the  basisphenoid  is  a  paired  or  unpaired  vomer, 
postero-laterally  to  which  is  the  palatine,  followed  by  a  pterygoid, 
which  may  articulate  with  the  basipterygoid  process  of  the  basi- 
sphenoid. Connecting  each  pterygoid  and  maxilla  in  most 
Reptiles  is  a  so-called  transpalatine  or  edopteiygoid,  and  in  certain 
forms  a  rod-like  epipterygoid  (or  antipterygoid)  extends  in  a 
vertical  direction  between  the  parietal  and  pterygoid,  and  is 
comparable  to  the  ascending  process  of  the  quadrate  in  Urodeles. 

The  premaxillse,  which  are  in  many  cases  fused  together,  come 
into  contact  with  the  nasals  dorsally  and  the  maxilla  laterally: 
the  latter  usually  bounds  the  greater  part  of  the  gape.  A  septo- 
maxillary  (p.  98)  may  be  present.  Teeth  occur  in  nearly  all 
Reptiles,  and  may  be  borne  on  the  palatine  and  pterygoid,  as  well 
as  on  the  premaxilla,  maxilla,  and  dentary. 

The  quadrate  may  be  fixed  to  the  surrounding  bones,  or 
movably  articulated:  the  pterygopalatine  bar  is  frequently  more 
or  less  movable  and  free  from  the  base  of  the  skull.  In  some 
Reptiles  its  elements  become  broadened  out,  and,  together  with  a 
shelf-like  palatine  process  of  the  maxilla,  may  in  certain  cases 
even  take  part  in  forming  a  secondary  roof  to  the  oral  cavity,  or 
liard  palate,  distinct  from  the  true  (sphenoidal)  base  of  the  skull. 
Thus  the  vomer  becomes  cut  off  from  the  cavity  of  the  mouth  and 
forms  a  vertical  plate  situated  above  the  hard  palate,  and  the 
internal  nostrils  are  thrown  further  back. 

In  the  temporal  region,  typical  differences  are  seen  in  the 
various  Orders  which  indicate  a  very  early  divergence  from  the 
common  reptilian  ancestor.  The  bones  in  this  region  may  form  a 
series  of  bars,  or  arcades,  separated  by  spaces  or  fossm.    The  main 

^  The  form  of  the  columella  varies  considerably :  it  consists  primarily  of  a 
bony  rod,  to  which  a  cartilaginous  extrastapediaZ  is  attached  distaiiy  and  applied 
to  the  tympanic  membrane  :  both  parts  are  derivatives  of  the  hyoid. 
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orbital  suptumis  present.  The  frontals  and  parietab  aii-  paired, 
and  there  is  a  jiarietal  foramen.  Thi-a\  bony  arcades  are  seen  in 
the  temporal  region — a  superinr,  an  inferior,  and  apoBt^riur.  The 
quadrate  is  large,  and  is  firmly  fixt'd  to  the  skidl  by  means  of  the 


ured,       1 
3n  in        ' 


toptcrygoiil : 


'o/, ci>luuieUu.itul'iB  ;  Coiid,  iwctliitiUil  condyle  :  E.P,  trannialatinei 
F,   frontal ;  Jufi,  jugal ;  Mtix,  inaiilU  !  Na,  nuBal  j  ^o,  e 
FtU,  ])Blikline ;  Far,  pnriolal :  Fmx,  premsxilla ;  Prj',  prefrontal :  PtJ',  posl- 
frontal    und    postorlntal  ;   Ff'j,   nleijifoid  or  ondopterygoid  i  y,   iimulrale 
»ml  ijuadrato-jugnl ;  Sq,  par*iua<lrate  (flquamoBiil) ;   Vo,  vomer. 

(|uadratojugal,  pterygoid,  [wraqiiadrate  {"  squamosal  ",\  and  ex- 
occipital.  The  vomers,  palatines,  and  pterygoids  are  broadened 
out  and  form  a  bony  roof  to  the  mouth.  An  epipterygoid  is 
preeenl.  The  preniaxillie  are  sepanited  by  a  suture.  Teeth  are 
borne  on  the  maxilla  and  palatine,  as   well  as  on  the  premaxilla 


y-""i-.i>f. 


A,  from  above  ;  li,  from  lielow  ;  C,  (rum  tho  niilr.  nmj,  BiitfiiUr  ;  nri,  nrtii:iiUr  i 
Ixu.oe,  haai-ovL-ipitsI  ;  lni'.iilij,  baiiiplerygdiil  iiriicvwiw :  iKin-.^jih,  \mK- 
aphenoici  ;  cot,  cpi pterygoid  ;  i-ur,  ctiruiiary  \  -Unt,  lUnlary :  rtk,  tithniniil  ; 
tx-of,  exoccipiUl :  tzi.nar,  extemul  nan:K ;  /iir.m'ig,  foraincn  iriaKtnim  ; 
fr,  tronUl ;  itU.iiar,  intenml  naren  ;  Jii,  jugul ;  Icr,  la<Tyiruil ;  uiuj-,  irutxilla  ; 
iwM.  naul  i  o'.conil.  occipiul  is)nilyle  :  o//,  'ilfin't4iry  •ajmild  ;  uiii.'ii,  opiH. 
thotit: ;  opI.H,  optic  nerve;  pul,  [»Utine ;  par,  twHi-Ul  :  !•'•'■",  \»Ta- 
^benoid  ;  parX  parielal  fdrameii;  p.mx,  preinajtinn' ;  jir./r,  jirctrmitKl  ) 
ptg,  pterygoid;  pl.orl',  |iMti>ryta1  ;  ifii,  ijuailrate  ;  i.nmj,  ■iiifraaiiHular  ; 
^.Ofh,  Hupraorbitalfl ;  "f,  jiariujiiiulrate  ("  wiuainoiial  ")  ; 
occipital;  "Hpm.'.',  »upral<;mp"iral;  ■ 
Inuit,  traiiHpalatiiiL- ;  rom,  vomer. 


"  iH|uaiii<)i>al  ")  -.   ntipr'i.'f,   ■iiiira- 
'.=, ("jiiHiiional  ("Mipratiriiiji'ii*!''']; 


and  vomer  in   young  stnffvit.     Th*;  two  ilmtitrii-H  mi-   iiiiit<-'l  hy 
ligament.     The  coliiniella  it*  tontiniioUHwitli  tlieantcnKr 'wini'i  "f 
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the  hyoid,  the  latter  consisting  of  a  body  (basi-hyobranchial)  and 
of  two  pairs  of  comua. 

Lacertilia  (Figs.  80  and  82). — There  is  an  interorbital  septum 
except  in  the  AmpnisbaenidsB,  and  in  it  there  may  be  indications 
of  orbitosphenoids  or  alisphenoids :  the  orbit  is  usually  separated 
from  the  temporal  fossa.  Various  modifications  are  seen  as 
regards  the  temporal  arcades,  but  an  inferior  arcade,  or  lower 
zygoma,  is  never  present.^  The  quadrate  is  in  most  cases  movably 
articulated  to  the  distal  end  of  a  parotic  process  from  the  temporal 
region.  There  is  a  "  paiietal  foramen  "  (situated  in  the  frontal 
region  in  Chameleons) ;  the  parietals  are  usually  fused,  and  the 
frontals  may  also  become   united  in  the  adult.     Lacrymals  are 

fenerally  present,  and  epipterygoids  occur  except,  e.g.  in  Amphis- 
aenians  and  Chameleons.  The  pterygoid  is  movably  articulated 
to  the  quadrate  and  basipterygoid  process  of  the  basisphenoid, 
and  there  is  a  basisphenoidal  rostrum.  The  premaxillse  are  usually 
fused.  Teeth  occur  on  the  premaxilla,  maxilla,  dentary,  and 
frequently  also  on  the  palatine. 

The  hyobranchial  skeleton  (Fig.  80,  c)  consists  of  a  narrow 
basal  portion  extending  forwards  into  the  tongue,  from  which  three 
pairs  of  comua  may  arise,  belonging  respectively  to  the  hyoid  and 
branchial  arches  1  and  2. 

Ophidia  (Fig.  83). — Tlie  embryonic  chondrocranium  is  much 
less  extensive  than  in  Lizards.  In  the  orbito-temporal  region  there 
is  hardly  any  cartilage,  tlie  parietals  and  frontals  forming  lateral 
walls  to  the  cranium,  which  extends  to  the  ethmoid  region,  and 
even  here  the  amount  of  cartilage  is  small.  The  trabeculse  remain 
separate  for  the  greater  part  of  their  length,  forming  naixow  rods 
lying  side  by  side,  which  in  many  cases  can  be  recognised  even  in 
the  adult.  The  skull,  however,  is  here  also  of  the  tropibasic  type 
(p.  77):  a  thin  interorbital  septum  is  developed,  but  is  compara- 
tively little  marked  and  does  not  become  chondrified.  There  is  a 
large  parasphenoidal  rostrum  on  the  basisphenoid,  the  parietals 
are  united,  and  there  are  no  temporal  arcades  or  supratemporal 
bones.  The  great  strength  and  solidity  of  the  investing  bones  is 
doubtless  correlated  with  the  modifications  of  the  jaws  in  con- 
nection with  the  mode  of  feeding. 

In  most  Snakes,  the  quadrate  is  only  indirectly  connected  with 
the  skull  by  means  of  the  squamosal,  with  the  distal  end  of  which 
it  articulates  and  which  extends  backwards,  thus  resulting  in  a 
very  wide  gape ;  moreover,  the  facial  bones  are  capable  of  move- 
ment upon  one  another  and  upon  the  cranium.  The  pterygoid 
articulates  posteriorly  with  the  quadrate  without  the  intervention 
of  a  jugal.  The  premaxilla  is  unpaired  and  usually  edentulous 
(except,  e,g.  in  Pythons).     The  rami  of  the  mandible  are  connected 

^  In  Chameleons,  characteristic  processes  arise  from  the  cranial  roof  and 
temporal  regions,  an<l  unite  above  the  posterior  part  of  the  skull  in  the  median 
line. 


bysn  elastic  ligament.  Ttmih  are  u8tiJillypn.'iHftil  uii  iho  rvlulivt-ly 
short  maxilla,  th«  palatine,  pterygoid,  tuid  dt-ntary.  Tho  hyc>- 
braochial  appanitutt  is  intich  rcciiiccd,  and  cuimiHtH  increlv  of 
a  pair  of  cartilaginouH  nxls  sitiiatod  beneath  th*-  tnichefi. 

In  Viperine  Siiakis  thu  inaxillupalatinc  nppanitUH  in  par- 
ticiilarly  mobile,  and  thu  vory  short  iiiaxilln  in  articulat^^^l  with 
the  prefrontal  and  can  nwing  forwanl  in  onlor  to  crLtt  the 
fang.     Id  tho  bmrowinK  Typhli>pi<la',  on  the  nlher  hand,  am.mgst 
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vljf,  angukr;  Ari,  srliuukr;  H/i,  IiuMoccipitul ;  /I',  luuiiiiiiliiriioiil :  (.'A.  iiitpm&l 
noatriln  ;  Con-,  iK:ui|>iUil  iHinlylu  ;  IH,  <l<-iilar.V  :  Klh,  Hhiiuiia  :  F.  f  runUl ; 
F',  pMtorl>iUl  :  Fw.  fciiextra  ovnlis;  //,  "iXii:  fiiranii-n  ;  M.  iii.i\iUa:  .V, 
nsHil;  (V,  Ki<K-.'i|)JUl :  Uv'.  >"<|rni<H.ri|ii|iil  1  />,  imriiTlnl ;  A,  fHTii.tii' ;  I'/. 
pref rontnl ;  I'l^  |MiLitiiie:  l'ui,r,  |in'iiin\illii ;  /''.  ptcrvK")'! :  V><>  <i""'l''"t*-' i 
SA,  mipn-HTigiilHr  :  Si/ii,  niiuiitKMul ;   T'.  lr»iix|iiiliiliiit' ;   IVj,  voiiici'. 

other  uhanivtiTs  in  which  thi.y  difTt-r  fnnn  th<'  majority  of 
Snaketi,  thu  ftu^ial  lioncs  arc  inniiovulily  nmnii-tcd  with  ihc 
cranium,  and  thurc  in  no  tranHpniatinc. 

Ohelonia  (Fig.  H4). — The  chondroi-nuiriiiii  i-sKcntinlly  n- 
Rcnibleu  that  of  Lirainls  an<l  Croc<Mtile!(,  and  much  of  (he 
nauo-cthmuidal  cartilage:  jH:rKiHts.  There  in  a  lar^e  Hnpmoccipital 
crest  and  UHually  a  lower  tt.?ni]K)ral  arcade  or  jugal  arch,  except 
in  certain  ca»us  where  tho  pitru]uadmte  ("rpiadrato-jugal")  is 
wanting.  The  nearly  vertical  qiindmU',  which  in  grooved  poH- 
teriorly  for  the  columella  auris,  is  very  firmly  luiiled  with  the 
neighbouring  bone.s,  and  above  it  is  a  squamosal.  There  an-  no 
separate  naaaix  or  lacrymah,  their  |)usition  being  taken  by  a  "  pre- 
frontal."    The  jMirietals  do  not  unite.     The  orbit  is  completely 
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surrounded  by  bones,  and  in  some  forms  {'-.g.  Chelonc,  Sphargis)  the 
whole  tempoial  region  is  covered  by  an  additional  roof,  above  the 
cranial  rooF  proper,  formed  by  the  parietal,  squamosal,  and  post- 
frontal.  An  ossification  between  the  pterygoid  and  a  descending 
lamella  of  the  paiietal  (which  latter  bone  forma  part  of  the  wall  of 
the  cranial  cavity)  apparently  represents  an  epipterygoid.  The 
palatines  give  rise  to  palatine  plates,  which  together  with  latenil 
parts  of  the  median  vomer  help  in  forming  a  abort  hard-palate. 
The  opisthotic  remains  distinct  from  the  exoccipital,  and  the  pre- 


FlG.  M.— Skui.i.  of  Ym.Nii  VVATKK-Ti>KTinsB(A'wiyB  eiiroiwra).     Side  view. 

BP,  rArtilagiuDiiB  inUrval  between  biuiioccipital  and  basUpheiioid  ;  F*,  poat- 
fronlal  ;  }JK,  horny  slicBthB  of  jaws  ;  /,  point  of  entrar<«  of  the  olfacttirj' 
nerve  into  the  nasal  capsule  :  I«.;i,  jUKitl ;  ild,  maniliUle  ;  Mt,  tympanic  mom- 
brane  ;  A'a,  externnt  iicmtrii ;  0^,  Hupraoceipital,  wiiicli  ^ves  rimi  to  a  crest  ; 
Pf,  prefrontal,  which  forniB  a  great  port  of  the  anterior  Iminilary  ot  the 
orbit ;  Qjfl.,  ttaraquadrato  {"  qiiodrato-jiigal") ;  5>,  interorbital  Bcptuni.  Other 
letters  as  in  Fig.  tt3. 

maxilla  is  nstially  paired,  while  the  dentarie.s  are  united  at  the 
symphysis.  No  indications  of  a  para^phenoid  are  known,  and 
a  transpalatine  is  wanting. 

There  are  no  teeth,  which  are  replaced  functionally  by  horny 
beaks,  as  was  also  the  caise  in  certain  fossil  Reptiles  {e.g.  Cerato- 
psidse). 

The  hyobranchial  skeleton  is  comparatively  lai'ge,  and  consists 
of  a  body,  veiy  closely  related  to  the  larynx  and  produced 
anteriorly  into  a  short  lingual  process,  of  a  pair  of  small  hyoid 
cornua,  and  of  two  i>airN  of  larger  cornua  belonging  to  the  first 
and  second  branchial  arches  (Fig.  85). 

Crocodllia  (Fig.  86).— The  chnndrocranium  is  less  fenestrated 
than  in  Lizards,  and  a  basipterygoid  process  is  not  strongly 
marked :  the  interorbital  septum,  which  is  inserted  vertically 
between  the  anterior  parts  of  the  trabeculae,  attains  a  consider- 
able development.     Alisphenoids  are  present. 

The  bones  are  very  massive  and  fimdy  united  together  by 
sutures ;  those    on    the    dorsal    and    lateral   regions  are  pitted. 


TheparietalsandfronlaU  arc  unpaired  in  the  adult,  and  laciyiualb, 
pre&t>Dtab,  and  poatfrontalit  are  present.  There  is  an  upper  and 
a  lower  temporal  arcade  or  zyfi|oniatic  arch,  and  between  the  orbit 
and  temporal  fossa  is  a  bony  pillar  fonned  by  the  postfrontnljugal, 
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and  transpalatine :  the  \iniit.-r  is  paiixid.  The  pulaline.'j  and  ptery- 
goids are  very  finnly  nttiichtxl  to  the  base  of  the  akull,  ana  both 
these  bones,  as  well  as  the  jmired  prunijixilliu  and  maxillit,  take 
part  in  the  formation  uf  the  hard  palate.^  Thus  the  internal 
nostrils  open  far  ktck,  beneath  the  basioccipital,  from  which  alone 
the  occipital  condyle  is  fornied.  The  exoccipitak  meet  above  the 
foramen  magnum,  thus  shutting  out  the  supraoci'ipital.  Teeth  are 
present  in  sockets  on  the  pi-emasillifc,  maxilla^,  and  dentaries. 

A  aeries  of   air-passages  extemis  int<(    the   bones   from   the 


pl>t«a. 


1  In   the  pre-Ci 


CrovodileH   the  ptery){oidi    did   not  form  palatal 
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tympanic  cavitj-,  and  thp  Eiislachian  canals  open  into  the  phnrj'nx 
by  a  median  aperlnrf  Iftbind  the  internal  nostrils. 

The  hyobranchial  skeleton  is  much  reduced,  and  consists  of  a  _ 
body  with  a  single  pair  of  coraua :  it  is  not  known  whether  th« 
belong  to  the  IjJ'oio  cr  to  the  first  branchial  arch 


Birds. 

As  already  lueutioned,  the  skull  of  Birds  is  formed  on  a  similar 
plan  to  that  of  Reptiles — more  particularly  of  Lizards,  but  it 
exhibits  certain  special  characteristics  (Figs.  87  and  88). 

In  correspondence  with  the  higher  type  of  brain,  with  its 
well  developed  cerebnil  hemispheres,  the  brain-case  is  relatively 


large,  and  correlative  modifications  occur,  especially  in  the  occipital 
and  auditor)*  i-egions.  The  I'elativety  lai-ge  size  of  the  eyes. 
moreover,  has  resulted  ill  a  limitation  of  the  ci-anial  cavity  in  an 
anterior  direction  and  in  the  expansion  of  the  brain  latemlly  i 


1,v>ga\mf;  alu,  itliH|il]i-iiiii<l  ;  'i./i... 
h.o,  bMioRcijulBl ;  '>./<;/,  InnijiU'i 
d,  dentar}' I  cm,  ititi-rrml  «••< 
KoaUdiian  sp^Dum  i  /m.  I'li 
■nteniftl    'mniti'l  nrtj-ry  ; 
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posteriorly.  There  is  thus  a  well-developed  interorbital  septum, 
and  the  tropibasic  type  of  skull  reaches  its  extreme.  The  cranial 
cavity  has  become  further  enlarged  at  the  cost  of  parts  formerly 
situated  extracranial  ly  than  is  the  case  amongst  Reptiles. 
The  bones  show  a  tendency  to  run  together  by  the  obliteration 
of  the  sutures  originally  present  between  them ;  they  are  usually 
delicate  and  spongy  (**  pneumatic  "),  thus  contrasting  greatly  with 
those  of  Reptiles.^  Only  in  the  ethmoidal  region  does  the  cartilage 
persist  throughout  life  to  any  extent. 

The  unpaired  occipital  condyle  no  longer  lies  at  the  posterior 
boundary  of  the  skull,  but  becomes  relatively  shifted  forward  along 
the  base,  so  that  the  axis  of  the  latter  lies  at  an  angle  with  that  of 
the  vertebral  column. 

The  basis  cranii  is  formed  by  a  basioccipital  andabasisphenoid, 
from  which  latter  a  bony  rostrum,  the  remains  of  the  anterior  part 
of  the  parasphenoid,  extends  forwards:  near  the  base  of  this, 
basipterygoid  processes,  articulating  with  the  pterygoids,  may  be 
present.  The  posterior  part  of  the  parasphenoid  persists  as  a 
large  and  primarily  paired  plate,  the  hrtsitempoo-al,  which  underlies 
the  basisphenoid  and  part  of  the  basioccipital. 

The  interorbital  septum  is  thin,  as  in  Lizards,  but  is  more  solid 
and  less  membranous  than  in  the  latter :  it  becomes  ossified 
anteriorly  by  a  mesethmoid  and  posteriorly  by  a  presphenoid. 
Orbitosphenoids  and  alisphenoids  are  also  developed.  The  auditory 
capsules,  which  arc  more  drawn  in  to  the  cranial  cavity  than  in 
Reptiles,  ossify  by  three  centres  (prootic,  epiotic,  and  opisthotic) 
which  later  become  fused  with  one  another  and  with  neighbouring 
bones,  and  the  relations  of  the  tympanic  cavity,  auditory  fenestras 
and  columella,  including  the  stapes  and  extracolumella,  are  very 
similar  to  those  of  Reptiles.  The  two  Eustachian  tubes  open 
together  in  the  middle  line. 

The  quadrate  is  movable  upon  the  skull  as  is  also  the  whole 
maxillopalatine  apparatus,  the  delicate  palatopterygoid  bar,  which 
is  always  more  or  less  separated  from  its  fellow  in  the'middle  line, 
sliding  on  the  rostrinu  of  the  basisphenoid,  and  so  allowing  the 
beak  to  be  raised  or  lowered  to  a  greater  or  less  extent:  thus 
a  complete  bony  palate  is  never  present.  This  mobility  of  the 
upper  jaw  is  most  marked  in  PaiTots,  in  which  the  frontonasal 
joint  forms  a  regular  hinge. 

The  vomers,  which  may  be  absent,  usually  imite  with  one 
another  and  with  the  palatines  to  a  greater  or  less  degiee.*     The 

*  It  should,  however,  be  remembered  that  the  development  of  air  spaces 
within  the  bones  of  the  skuU  is  hinted  at  in  Crocodiles  as  well  as  in  certain  fossil 
Reptiles. 

^  The  dififerences  in  details  as  regards  the  arrangement  of  the  bones  of  the 
palate  are  important  for  purposes  of  classification,  as  are  also  the  mode  of  con- 
nection of  the  lacrymal  with  surrounding  parts,  including  the  small  bones  (like 
those  in  Lizards)  which  may  be  present  in  the  neighbourhood  of  the  lacrymal 
(supraorbital,  infraorbital,  lacrymo-palatine). 


posterior  nostrils  are  altrays  situated  between  the  vomers  and 
palatines.  The  two  premaxillie,  on  the  Turin  <>(  which  deix<nda 
that  of  the  beak,  are  fu.sed.  and  a  maxillomlatine  process  arises 
from  the  maxilla  anteriorly.  The  maxilla  and  quadrate  are 
connected  by  a  delicate  jiigJil  and  iiuadmtojneal,  and  a  squamosal 
is  present.  Other  in  vesting  bones  are  the  nosafs,  fiimtals,  jmrietals, 
and  lacrymals  or  prelrontalH. 

Teeth  were  present  in  Jurassic  and  Cretaceous  Birds  (Areh»- 
opt«ryx,  HeHpeii^rnis,  Ichlhyornis),  but  were  no  longer  developed 
from  the  Tertiary  jxtiihI  on- 
wards, their  place  being  taken 
functionally  by  horny  sheaths 
covering  the  Iwines  of  the  jaws, 
and  Ihns  forming  a.  beak,  much 
ius  in  Cheloniims. 

In  Meckel's  cartilage,  two 
replacing  bones  are  formed,  viz., 
an  articular  and  a  nieutoman- 
dibular:  the  investing  bones 
tuv  A  (lentary,  splenial,  coronary, 
snpiH-angnlar,  and  an  angular, 
and  their  relations  are  essenti- 
ally similar  to  those  seen  in 
Keptiles  :  they,  however,  become 
fused  in  the  adult,  and  the  two 
rami  of  the  mandible  unite 
distally  by  synostosis. 

The   hyobranchial    skeleton 
(Fig.    89)    is    greatly    reduced.   f«..  8B.-Hvo»KA(iCHi*L  SKButroii  of 
The  median  bouy  consists  of  an  Powu    [After  (iegenbaur ;  lettering 

entoglossal  (basihyoid)  passing         after  KbHiub.) 
anteriorly  into  a  primarily  paired 

paragloBsal.  which  extends  into  the  tongue,  and  posteriorly  into  a 
urohyal  (basi branchial).  The  single  pair  of  comua  belongs  to 
the  first  branchial  arch,  and  may,  as  in  the  Woodpecker,  give  rise 
to  long,  jointed  rods  extending  far  over  the  skull.  The  columella 
is  the  only  part  of  the  hyoid  which  persists,  and  even  in  the 
embryo  there  is  no  tr-.ice  of  a  second  branchiid  ai'eh. 


In  Mammalc,  the  skull  of  whifh  in  many  rfspects  indicates  an 
origin  of  the  Onier  from  reptile-like  ancestors,  there  is  a  much 
closer  connection  between  the  cranial  and  visceral  regions  than  is 
the  case  in  the  Vertebrates  already  described.  In  the  fully- 
developed  skull  both  maxillary  and  palatopterj'goid  regions  are 
closely  united  to  the  cranium,  so  that  the  facial  and  cranial  portions 


r 
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are  firmly   iinitod   with  onu  ituothor.     The  higher   we  paas  i 
the  Miimmalian  serioB,  the  more  duos  thu  former  come  to  lie  belei 
instead  of  in  front  of  thi;  lattor,  the  facial  skeleton  becoming 
proportionately  small  aa  contrasted  with  the  large  cranial  portion 


Fh:.   90a.  — LdNdiTtrniN*!.  Vkktil-al  Skotiokb  t 

Halaniandra  marulom.  B,  TeMndo  yra-ca,  anu  C,  Corewi  mnm 
Kklations  betwken  trg  Cramal  anu  Na!1AL  Pohtiuks. 

of  the  skull,  and  the  reduction  of  the  angle  between  the  bosi- 
cranial  and  vertebral  axes  being  carried  still  further  than  in  Birds 
(cf.  Fig.  90). 

The  base  of  the  akull  is  mainly  preformed  in  cartilage  (Fig.  91), 
and  is  but  little  interrupted  except  for  the  passage  of  vessels  and._^ 
nerves.     It  consists  of  basi occipital,  basisphenoidal  and  ethmoidt 
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n^-jois.  cuQtini-'iL-i  with  unr  anotbor  nod  with  thr  im»1  crptata. 
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Fio.  9S1.— Skull  op  Gbkthound.    A,  from  above ;  B,  from  the  side;  C,  from 

below  ;  and  D,  in  longitudinal  section. 

B.oeCt  Occ.bcMt  basioccipital ;  Cav.gi,  glenoid  cavity  for  the  lower  jaw ;  CAo, 
posterior  narial  paissage  ;  Core*,  occipital  condyles  (exoccipitals) ;  Eth,  lamina 
perpendicularis  of  the  ethmoid ;  Eth\  cribriform  plate ;  F,  frontal ;  Far.tn, 
foramen  ma^um ;  Jg^  jugal ;  Jm^  premaxilla ;  L,  lacrymal,  surrounding 
the  lacrvmal  canal ;  AT,  maxilla,  with  the  infraorbital  foramen  {Finf) ;  Maud, 
external  auditory  meatus  ;  Md,  mandible  ;  N,  nasal ;  P,  parietal ;  PcU  {P  in 
C),  palatine  ;  Pet,  petrous  portion  of  periotic  ;  Pjt,  zygomatic  procees  of  the 
aquamoaal ;  P(,  pterygoid ;  Sphy  alisphenoid ;  Sph^,  basispnenoid  ;  8ph'\ 
preephenoid ;  8q,  squamosal;  Sq.occ,  supraoccipital ;  T,  tympanic;  Vo, 
vomer. 

relatively  backwards  and  the  auditory  region  downwards  to  a 
varied  extent,  so  that  the  squamosal  (as  is  also  the  case  in  Birds) 
now  usually  helps  to  a  greater  or  less  extent  to  complete  the  walls 
of  the  brain-case  dorsally  to  the  displaced  auditory  capsule. 
Moreover,  the  course  taken  by  the  facial  and  auditory  nerves 
through  the  skull-walls  has  become  altered.^ 

In  adaptation  to  the  characteristic  high  development  of  the 
olfactory  organs  amongst  Mammals,  the  ethmoidal  portion  of  the 
skull  is  specially  developed  for  enclosing  the  nasal  cavities.  The 
ethmoid  is  formed  from  the  anterior  part  of  the  chondrocranium, 
which  is  continued  forwaixls  as  the  olfactory  chamber,  divided  into 
right  and  left  halves  by  a  cartilaginous  septum  (mesethmoid),  and 
separated  from  the  cranial  cavity  by  the  cribriform  plate  (lamina 
cribrosa),  which,  however,  is  not  directly  homologous  with  that  of 
lower  types  (p.  97) :  this  has  a  more  or  less  oblique  or  vertical 
position,  according  to  the  fonn  and  relations  of  the  cerebral  hemi- 
spheres and  olfactory  lobes.  The  posterior  part  of  the  mesethmoid 
becomes  ossified  as  the  lamina 'perpendicularis,  and  lateral  ethmoids 
are  present  at  the  sides  of  the  nasiil  region ;  the  vomer,  which 
is  unpaired  in  the  adult,  arises  as  a  paired  perichondral  bone 
ventrally  to  the  nasal  septum,-  and  the  latter  is  thus  in  part  bony. 

The  auditory  ca[)sules  arc  ossifie<.l  from  prootic,  epiotic,  and 
opisthotic  centres,  which  early  unite  together  to  form  the  periotic 
or petromastoid  bone.  The  denser  internal  (petrous)  portion  of  this 
bone,  which  corresponds  mainly  to  the  prootic,  encloses  the  essential 
part  of  the  organ  of  hearing,  and  a  fenestra  ovalis  and  fenestra 
rotunda  are  present  on  its  outer  surface :  the  more  spongy  mastoid 

'  Considerable  differences  exist  amonest  Mammals  as  regards  the  number 
and  arrangement  of  the  nerve  apertures.  Thus  amongst  Carnivores,  for  example, 
the  following  foramina  are  diHtinct  front  one  another :  ojdirum  (II),  foramen 
lacerum  anteHun  or  )*j)henoidal  finsure  (HI,  IV,  V\  VI),  rotutidum  (V^),  ovale 
(V),  meatus  axiditoHu«  inttniuH  (VII,  VllI),  foramen  lacernm  poaieriua  (IX,  X, 
XI),  and  the  condylar  foramina  (XII).  In  the  lower  Mammals  {e.g.  Monotremes, 
Marsupials,  and  certain  Insectivores),  the  optic  foramen  and  sphenoidal  fissure  are 
not  separate  from  one  another,  or,  in  some  cases  (Echidna,  certain  Insecti votes, 
Dasypus,  Lemurs),  from  the  foramen  rotundum.  The  cribriform  plate  of  the 
ethmoid  has  numerous  perforations  for  the  olfactory  nerve  in  all  Manmials 
but  Omithorhynchus. 

*  In  Omithorhynchus  a  small  dumb-bell  shaped  bone  {prevomer)  is  present 
between  the  divcrgmg  premaxilla*. 
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(opisthotic)  portion  reaches  the  surface  of  the  skull  between  the 
exoccipital  and  the  tympanic  bone,  the  homology  of  which  is  open 
to  doubt,  but  which  possibly  corresponds  to  the  paraquadrate  or 
quadratojugal.  The  tympanic  overlies  the  petrous  portion  of  the 
periotic,  and  gives  attachment  to  the  tympanic  membrane:  in 
the  Placentalia  it  forms  the  tubular  external  auditory  passage  or 
meatus  below  which  it  may  expand  into  a  bulla  tympani,  which 
encloses  the  tympanic  cavity  and  communicates  with  the  pharynx 
by  means  of  the  Eustachian  tube.  The  "  temporal  bone "  of 
human  anatomy  represents  the  fused  periotic,  tympanic,  and 
squamosal,  the  two  last  of  which  are  investing  bones. 

The  cranial  cavity  is  roofed  in  by  frontals,  parietals,  and  a 
supraoccipital :  a  primarily  paired  interparietal,  not  preformed  in 
cartilage,  may  remain  distinct  or  may  unite  with  the  supraoccipital 
or  frontals.  These  roofing  elements,  like  many  of  the  other  cranial 
bones,  are  united  by  sutures  which  usually  persist,  at  any  rate  for 
a  long  time.  Many  of  the  bones  are  more  or  less  spongy  internally, 
and  may  contain  definite  air-sinuses  (e.g,  in  Ungulates). 

The  parietals  and  frontals  vary  much  as  regards  form  and 
relative  size  in  the  diflferent  orders.  In  Primates,  amongst  many 
others,  the  parietals  are  well  developed,  while  in  Insectivores  they 
are  small :  in  toothed  Whales  they  become  separated  from  one 
another  by  a  large  bone  formed  by  the  fusion  of  the  supra- 
occipital and  interparietal,  which  reaches  to  the  frontal  (Fig.  94). 
In  many  Mammals  there  is  a  large  parietal  and  supraoccipital 
crest  in  correlation  with  the  strongly-developed  muscles  of  the  jaws 
and  neck.  The  frontals,  which,  like  many  of  the  neighbouring 
bones,  may  become  united  together,  extend  downwards  towards  the 
orbital  region  and  cribriform  plate,  and  thus  take  part  in  forming 
the  walls  of  the  cranium  and  orbit. 

Most  of  the  true  Ruminants  are  provided  with  horns  or  antlers 
projecting  from  the  frontal  bones,  the  formation  of  which  is  to  be 
traced  primarily  to  the  integument  (Fig.  93). 

In  the  Cavicoimia  (Bovinte,  Antelopinae,  CaprinsB,  Ovinae) 
bony  processes  arise  from  the  frontals,  which  become  hollow  and 
are  enveloped  by  horn  formed  from  the  epiderm.  They  are  usually 
present  in  both  sexes,  but  in  Tragelaphus,  Neotragus,  and  others 
are  absent  in  the  female.  In  the  Gervidce  a  solid  integumentary 
bone  is  developed  and  becomes  united  with  the  frontal,  growing 
out  to  form  the  antler.  After  attaining  its  full  development, 
the  investing  skin  dries  up  owing  to  the  development  of  the 
"  burr "  at  its  base ;  this  constricts  the  vessels,  and  the  antler, 
being  deprived  of  nutriment,  falls  off  periodically  at  the  close  of 
the  breeding  season.  In  the  young  animal  the  antlers  are  simple, 
but  year  by  year  they  become  more  or  less  complicated  and 
branched.  They  arc  confined  to  the  male  except  in  the  case  of  the 
Reindeer.  Amongst  Giraffes,  in  addition  to  a  short  median  "  frontal 
horn  "  present  in  many  of  the  sub-species,  both  sexes  possess  small 
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lateral  horns  covered  with  hair :  these  are  usually  described  as 
separate  ossifications  which  become  united  with  the  frontals ;  but 
it  nas  recently  been  shown  that  they  orijjinate  in  connection  with 
the  fibrous  osteogenetic  tissue  of  the  parietal  bones. 

Dorsally  and  laterally  to  the  cartilaginous  olfactory  capsules 
investing  bones  arise,  viz.,  .the  variously-shaped  nasals  and  the 


Flo.  93.— Eari, 


n  uf  the  antlur,  anil  thu  fonnur  to  tho  peilicle  :  in  E  thu  ti 
alnadv  fated  [HX+OlJ) :  H,  kchh  of  resorption,  al  which  point  tbo  antler 
is  shed  1  SZ,  procuss  uf  the  frontal  ntill  covercil  witii  thu  integnmeut ;  SZ^, 
the  same  after  low  of  the  iiilugument. 

lacrymals,  each  of  the  httter  perforated  by  a  lacryinat  furaiiicn  ;  in 
this  region  also  are  the  latcnil  plates  of  the  ethmoid  (taviinw 
papyracete).  The  «cr»ll-tike  tiirhinaU  which  arc  usually  well- 
developed  within  the  olfactory  clmmbcrs  will  be  described  later. 
Cartilage  persists  in  the  ndiilt  only  in  the  nasal  se[)tum,  in  the 
form  of  the  alinasal  and  tdisfptal  cartilaijcs}  A  septomaxillary 
'  An  exttmal  hdk  iit  peculiar  to  uertniii  Maninutlu  {t.ij.  Man).  Kcprescnta- 
tives  of  the  cartiUgts  meiitionucl  nliove  are  preitent  amount  olhor  Amniuta  uiiil 
in  Reptile*,  in  which,  however,  they  <lu  not  uxteml  ant<:riorly  tu  the  tect,  ul  \.^ 
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(cf.  p.  82)  can  be  recognised  in  embryos  of  Echidna  close  behind 
the  external  nostrils  :  it  unites  later  with  the  premaxilla,  forming 
its  extra-nasal  process,  which  in  other  Mammals  possibly  has  a 
similar  independent  origin. 

The  premaxillae,  which  may  become  fused,  still  take  an 
important  part  in  enclosing  the  nasal  cavities,  and  in  the  Dugong 
(Halicore)  they  are  very  large  and  are  bent  downwards  in  corre- 
lation with  the  large  pair  of  incisor  tusks.  The  maxillae  form  the 
larger  part  of  the  facial  skeleton,  and  are  also  important  in 
contributing  to  the  walls  of  the  nasal  chambei"s  and  orbits.  Each 
maxilla  is  connected  by  means  of  a  jugal  (malar)  with  a  process  of 
the  squamosal,  instead  of  with  the  quadrate,  as  in  the  Amphibia 
and  Sauropsida;  thus  a  zygomatic  arch  is  formed  from  these 
three  bones.  The  orbit  and  temporal  fossa  are  marked  off  from  one 
another  in  varying  degrees :  they  are  continuous,  e.g.  in  Rodents, 
Insectivores,  and  Carnivores,  while  in  Perissodactyles,  Ruminants, 
and  especially  Primates,  they  are  more  or  less  completely  separated 
from  one  another  by  a  process  of  the  frontal  meeting  the  jugal. 

As  regards  the  structure  of  the  hard  palate.  Mammals  agree 
essentially  with  Crocodiles,  and  more  or  less  complete  palatine 
plates  are  formed  by  the  premaxillse,  maxillae,  and  palatines ;  but 
the  small  "pterygoids"^  (except,  e,g,  in  Anteaters  and  some 
Cetaceans)  do  not  take  part  in  its  formation :  in  Echidna  the 
pterygoids  form  part  of  the  basis  cranii.  The  palate  is  very  long 
in  Echidna  and  in  certain  Edentata  and  Cetacea,  and  often  (e.g. 
Marsupialia)  presents  unossified  vacuities. 

The  general  form  of  the  skull  differs  very  greatly  amongst 
Mammals.  It  is  sometimes  short  and  broad,  sometimes  elongated— 
especially  in  the  region  of  the  snout  (e.g.  Myrmecophaga,  Cetacea). 
Amongst  the  Cetacea  (Fig.  94),  the  facial  bones  are  of  so  great  a 
relative  length  that  the  skull  may  be  one-third  as  long  as  the 
whole  animal  (e.g.  Balaena) ;  the  external  nostrils  are  situated  fiu: 
back,  and  there  are  numerous  other  secondary  modifications  apart 
from  those  seen  in  the  lower  jaw,  which  is  not  used  for  purposes 
of  mastication  and  in  certain  respects  shows  traces  of  degeneration. 

The  genesis  of  the  lower  jaw  is  briefly  as  follows  (Fig.  95).  In 
the  embryo,  the  proximal  end  of  Meckel's  cartilage  is  diflferentiated 
into  two  portions,  corresponding  to  the  articular  and  suspensorial 

skull,  and  are  entirely  covered  by  bones,  the  most  important  of  which  in  this 
respect  is  the  median  nasal  process  of  the  premaxilla  (Figs.  72,  80,  82,  and  83). 
This  prenasal  process  is  present  only  in  the  Monotremes  amongst  Mammals,  and 
with  its  fellow  forms  the  transitory  oft  carunadfu.  On  the  loss  of  this  ascending 
process  of  the  premaxilla,  a  freer  development  of  the  cartilaginous  skeleton  is 
rendered  possible  ;  and  under  the  influence  of  muscles,  certain  parts  of  it  become 
separated  off  to  form  the  independent  cartilages  of  the  exteiinal  nose  (cf.  under 
Olfactory  Organ). 

^  True    pterygoid    bones,   corresponding  to  those  of  the  Saaropeida,  are 
apparently  only  known  to  occur  in  Monotremes.     The  so-called  pt^Woid  (or 
internal  lamina  of  the  pterygoid  process  of  the  basisphenoid)  of  other  lifianmala 
has  been  shown  to  correspond  to  a  posterior  part  of  the  paraephenoid* 


parts  of  the  jaw  in  the  lower  Vertebrates :  ihose  bwMmo  oaai- 
fied  and  enc!(»ed  within  the  tympanic  cavity  situntod  within  the 
tympuiic  bone  externally  to  the  pt-riotic.     They  thus  rt^prescat 


C,  occipit&l  eraidyle;  Fr,  trontal;  Jv,  jugol ;  L,  larrymnl :  Mr,  mftxilla;  n, 
extenul  noitril ;  Na,  imsal ;  or,  exnccipiul ;  0>,  iiii|iracm'i|>itAl :  I'a,  parietal ; 
Pal,  paUtine ;  /'(,  {)t«ry|i;uiil  ;  I's,  prrmAxitla  ;  Sq,  si|uanii>iinl ;  '/>,  tym- 
panic and  biilla  tympatii. 

the  articular  and  qiiiulnitc,  iind  an;  known  as  tliv  widhns  and  itinut 
respectivtilv-  Having  iindiTgonc  a.  change  of  function,  thuy  tbrni, 
together  with  a  third  uluniont — the  tisiially  stirrup-shaju'd  slajits, 
a  connected  and  articiilate<l  chain  of  autlUwy  ossicUs  extending 
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betwc-c-n  the  fenestra  ovalis  and  the  tympanic  membrane,  and 
scrvuif^  U>  conduct  sound  vibrations  to  the  inner  car.'  An  investing 
bone,  the  dcntar}',  is  developed  around  the  main  part  of  Meckel's 
cartilage,  distal  to  the  malleus ;  the  cartilage  itself  maj  undergo 
partial  ossification,  but  gradually  disappears,  the  denta^  forming 
the  bony  mandible,  which  develops  a  new  articulation  with  the 


a.ljf,  tympanic  knouluH ;  aii,  auditory  capeule  ;  b.hy,  basihyal ;  cAy,  oantohjU ; 
fT,  cricuid ;  d,  (Icntary  ;  e.hy,  epihyol ;  (,?t,  ext«nuil  nostril ;  to,  exoodpital : 
/,  frontal ;  h.hif,  hyiiohyal ;  ■',  jiigal ;  in,  incus  ;  If,  iacrjiaal ;  vt,  Meokol'i 
cartilaf^i  tal,  matieuti  i  nuc,  maxilU;  n,  naial ;  oe.c,  occipital  oondyle ; 
}i,  parietal ;  pa,  palatine  ;  px,  preniaxilla  ;  *d,  supraoccipilal ;  tt,  itapca ; 
K.l,  ethmoturbinnl ;  xr.m,  Htapdliiii  miiM.-le ;  »q,  aiiuamuul ;  (A,  thyroid; 
Ir,  trachea  ;  //,  optic  foramen  ;  V,  V,  foraniinn  throush  whioh  the  fint 
and  second  ilivisiuiia  of  the  trigeminal  pass  out  from  the  ortrik 

squamosal,  characteristic  of,  and  confined  to,  the  Mammalia,  all 
other  C ran iata  possessing  the  more  primitive  quadrato-mandibutar 
articulation.  The  two  rami  of  the  lower  jaw  may  remain  distinct 
at    the  symphysis,  ur  many  unite  with  one   another   {e,ff.   Bats, 

'  There  io  Rome  douht  as  to  how  far  it  in  jaBtiGable  to  consider  the  tympaoo- 
oiiBtochian  cavity  as  homologous  with  the  spiracle  of  Fishes,  and  tha  tympanic 
cavity  and  meinl>raiic  of  Amphibia,  ^Hkiropcrida,  and  Mammalia  as  homologooa 
with  ono  another. 

The  Htirrup  form  of  the  stapes  is  duo  to  its  being  perforated  by  an  artery 
(an  in  tliu  unxe  of  tlie  stiipc<lial  plate  of  the  Gymnophioiia),  whioh  in 
curtain  utsea  ]H:rHiHf<  in  the  nilult.  liie  stapes,  however,  is  not  perforated  in 
MiHiiilDiiiicM  and  itTlnin  Mamiinialii  and  Edentates.  The  boniMogy  of  this 
I'lenieiit  inlfy  ik>  iiiuanH  i-lvur,  lint  there  are  reasons  for  considering  it  to  oorremKind 
to  Ihe  Hlapeilial  |>lale  of  tlic  SauropsiiU  and  to  the  whole  colantdia  of  Ani|jiibis ; 
it  i»  iHWHiblc  thiit  all  thcsu  structures  are  derivatives  of  the  hyomandlbular  of 
Fis)wa. 
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Perissodactyles,  Primates) ;  and  on  each  a  condylar,  a  coronoid, 
and  often  an  angular  process  (Marsupials,  Rodents,  Insectivores) 
may  be  distinguished.^  Teeth,  which  are  only  exceptionally 
wanting  {e.g.  Echidna,  certain  Edentates),  are  confined  to  the  pre- 
maxilla,  maxilla,  and  mandible.  They  present  marked  differences 
in  number,  form,  and  size ;  together  with  the  muscles,  they  are 
the  cause  of  considerable  modifications  in  the  form  of  the  jaws 
and  their  articulation  and  may  indirectly  influence  the  entire 
skull,  in  the  study  of  which  the  law  of  correlation  must  always 
be  borne  in  mind. 

The  hyoid  arch  (Fig.  95)  is  connected  proximally  with  the 
base  of  the  auditory  capsule  and  sometimes  becomes  more 
or  less  ossified,  but  the  greater  part  is  usually  reduced  to  a 
fibrous  band,  and  may  be  quite  rudimentary ;  its  dorsal  end  fonns 
the  styloid  process  of  the  periotic,  and  its  ventral  end  the  lesser 
(anterior)  comu  of  the  so-called  hyoid  bone  of  the  adult.  The 
body  of  this  bone  represents  the  basal  parts  of  the  hyoid  and  first 
branchial  arch,  the  greater  (posterior)  comua  belonging  to  the 
latter.  The  hyoid  apparatus  is  connected  with  the  larynx  by  a 
membrane,  the  thyro-hyal  ligament,  and  the  thyroid  cartilage  of 
the  larynx  arises  in  the  blastema  of  the  second  and  third  branchial 
arches. 


V.    APPENDICULAR  SKELETON 

The  problem  of  the  evolution  and  morphology  of  the  fins  and 
limbs  of  Vertebrates  is  one  which,  in  point  of  interest  and  im- 
portance, is  comparable  to  that  relating  to  the  head.  During  the 
last  thirty  years  it  has  been  attacked  vigorously  both  from  the 
embryological  and  the  palaM)ntological  sides,  and  has  given  rise  to 
so  many  speculations — often  of  a  very  contradictory  nature — that 
only  the  barest  outline  of  some  of  the  more  important  results 
obtained  can  be  given  in  the  course  of  the  present  chapter. 

The  fins  or  limbs,  which  are  distinguished  from  the  axial  organs 
(head,  neck,  and  body)  as  apinndicular  organs,  ser^'e  mainly  for 
locomotion,  and  may  be  divided  into  two  groups,  the  uniyaircd 
and  the  paired  (pectoraj  and  jielvic).  They  arise  independently  of 
the  axial  skeleton.- 

*  Two  or  more  Binall  l)oneH  ("osaa  mentalia")  occur  in  Man  between  the 
diBUl  ends  of  the  mandibular  rami,  with  which  they  unite,  taking  part  in  the 
forniatitm  of  the  mental  ])n)minence. 

*■*  Numerous  and  variwl  moditications  of  the  fins  orcur  amongst  Fishes  to 
form,  e.tj.  organs  for  protection,  aupjiort,  attachment,  olfence,  defence,  or  for 
alluring  prey. 
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A.  Unpaired  Fins. 

The  unj>aired,  or  median  fins,  which  are  mainly  characteristic 
of  Fishes,  arise  in  the  embryo  as  a  ridge  of  the  integument  (ecto- 
derm and  mesoderm)  extending  along  the  median  dorsal  line  from 
the  anterior  part  of  the  trunk  backwards  to  the  tail,  around  the 
apex  of  which  it  is  continued  forwards  for  some  distance  along  the 
ventral  side :  thus  a  doi-sal,  caudal,  and  ventral  portion  can  be 
distinguished.  In  the  course  of  further  development,  these 
portions  either  remain  continuous,  or  else  certain  parts  undergo 
reduction,  so  that  the  ridge  only  persists  in  certain  regions,  where 
it  forms  independent  dorsal,  caiidal,  and  ventral  or  avm  fivs  (Fig. 


A 


Jn    S' 


B 


Bt'  Jiffl        ^'' 


Fi«.  96. — Diagram  showino  (A)  thb  Undifferentiated  Condition  of  the 
Paired  and  Unpaired  Fins  in  the  Embryo,  and  (B)  the  manner  in 
WHICH  THE  Permanent  Fins  are  formed  from  the  CSontinuous  Folds. 

AFf  anal  fin  ;  An,  anus ;  BF,  pelvic  fin  ;  BrF,  pectoral  fin  ;  D,  dorsal  fiD-fold ; 
RF,  FFy  dorsal  fins  ;  SF^  tail-fin ;  Sy  S,  lateral  folds,  Tvhich  unite  together 
at  S^  to  form  the  ventral  fold. 


96,  A,  B) :  in  these  regions  muscles  and  skeletal  parts  become 
developed  in  Fishes. 

These  skeletal  parts  consist  of  supporting  rays  of  two  kinds. 
In  the  base  of  the  fin  cartilagincnts  radii^  or  pterytfiophores,  usually 
segmented  (typically  into  three  portions),  are  formed ;  these  may 
unite  proximally  to  form  one  or  more  basipterygia,  and  in  bony 
Fishes  they  become  extensively  ossified:  they  frequently  come 
into  secondary  connection  with  the  vertebral  column.  Except  in 
Cyclostomes,  the  peripheral  p^art  of  the  fin  is  supported  by  dermal 
rays,  which  may  consist  of  numerous  delicate  homy  fibres  (Elas- 
mobranchs),  or  of  hony  rods,  entire  or  jointed,  often  cleft  at  the 
bfisc,  and  articulating  with  the  pterygiophores,  and  not  preformed 
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in  cartilage  (Teleostomea) :  recent  researches  indicate  that  the 
latter  are  ectodermal  in  origin.^ 

Median  fins  are  also  present  in  the  Amphibia,  in  which  they 
may  persist  throughout  life  {eg.  Perennibranchiatti),  or  only  occur 
in  the  larval  stage ;  occasionally  also  they  become  specially  devel- 
oped during  the  breeding  season  {e.g.  Newt).  They  have  the 
form  of  a  continuous  integumentiiry  fold  extending  round  the  tail 
and  along  the  back  for  a  greater  or  less  distiince,  but  enclose  no 
skeletal  elements. 

Amongst  Reptiles  one  or  more  median  fins  were  present  in 
Ichthyosaurus,  and  these  arc  comparable  to  the  dorsal  fins  occur- 
ring in  the  Cetacea  amongst  Mammals :  in  both  cases  they,  like 
the  horizontal  Uvil  fin  of  these  fonns,  must  be  looked  upon  as 
structures  acquired  secondarily  in  connection  with  an  aquatic 
existence. 


n.  Paired  Fins  or  Limbs. 

As  regards  the  origin  of  the  paired  fins,  there  is  much  difference 
of  opinion.  According  to  one  view,  they  correspond  to  modified 
gill-arches  and  rays,  the  former  giving  rise  to  the  [Kjctoral  and 
pelvic  arches  or  girdles,  and  the  latter  to  the  free  portion  of  each 
fin,  one  of  the  rays  becoming  enlarged  so  that  the  others  are 
attached  in  a  row  on  either  side  of  it,  instead  of  to  the  arch.  This 
would  result  in  a  biserial  form  of  fin,  the  "  archi2)icrygiu7n  "  of 
Gegenbiiur,  such  as  is  most  nearly  retained  in  Ceratodus  (Fig.  118), 
and  is  also  indicjited  in  many  Elasmobranchs.  The  fact  that  the 
branchial  arches  are  situated  in  the  pharyngeal  wall  and  the  limb 
arches  in  the  body-wall,  alone  forms  an  important  objection  to  this 
theory. 

Another  view,  which  seems  to  be  the  more  likely  one,  is 
as  follows.  It  is  highly  probable  that  primitive  Vertebmtes  at 
one  time  possessed,  in  addition  to  the  median  fins,  a  pair  of  con- 
tinuous lateral  Jin-folds,  traces  of  which,  beginning  with  a  prolifei*a- 
tion  of  the  mesoderm,  can  still  be  recognised  in  young  embryos  of 
Elasmobranchs  (Fig.  97)  and  to  a  less  extent  in  those  of  other 
Fishes  and  of  AmphibiaUvS,  and  which,  though  never  continuous,  are 
indicated  by  muscle-buds  on  the  intermediate  myotomes.  They 
extended  backwards  along  the  sides  of  the  body  from  just  behind 
the  head,  gradually  converging  towards  the  anal  region,  where 
they  became  continuous  with  the  ventral  part  of  the  median  fin- 
fold  (Fig.  96,  a),  and  in  this  respect  resembled  the  persistent /«^cm/ 
or  metaplcural  folds  present  in  the  adult  Amphioxus,  though  it  is 

^  Tlie  rlcrnial  Hn  rays  or  fUrmotrirhia  are  t'liiHHitietl  hy  (icKxlrich  iih  folbiws  : — 
1.  Homy  ceratotrickia  in  KlaMinobranchs ;  2.  IJoiiv  ftpfofrirhia  in  TeleoBtonies ; 
3.  Homy  actinotrirhia  occurring  in  the  enihry<i  anti  in  the  margins  of  the  fins  of 
aclult  Telooetomes,  in  addition  to  (2) ;  4.  FibrouB,  v&\cii'ni(\f*or  horny  camptotrichia 
in  Dipnomns :  it  is  doubtful  whether  the  laat- mentioned  corriia^orivl  v«  V\\  v>\\AiV^lV 
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doubtful  how  fiir  thk  comparison  is  justifiable.  As  is  usually  the 
case  in  the  inediftn  fins,  certain  parts  of  these  lateral  folds  have 
undergone  reduction,  only  the  anterior  and  posterior  portions 
remaining  to  form  respectively  the  pectoral  and  pelvic  finB,  which 
must  therefore  be  looked  upon  as 
m„.  the   localised   remains  of   a  con- 

tinuous lateral  fin-fold   on   either 
side  of  the  body.^ 

Into  these  paired  folds  extend 
metaraeric  processes  of  the  myo- 
meres, which  undergo  further 
development  in  those  regions 
which  will  give  rise  t-o  the  pectoral 
and  pelvic  fins,  and  disa^npear  in 
the  intermediate  region.  More  or 
fewer  spinal  nerves  pass  into  the 
fins,  and  finally  also  cartilaginous 
supports  (pterygiophores),  as  in 
the  case  of  the  median  fins.  These 
radii  appear  first  of  all  at  the  base 
of  the  fin,  gradually  extending 
centrifugally  into  the  latter,  and 
also,  becoming  fiiaed,  centripetally 
into  the  body-wall  (Fig.  98).*  An 
articulation  is  then  formed  secosd- 
rily  between  the  fused  basal  part 
of  the  skeleton  situated  in  the  free 
portion  of  the  fin  (hanpterygiuia) 
and  that  which  extends  into  the 
lateral  bodv-wall  and  serves  as  a 

Lome:   m,    iiiyviiien^H,    wuicii  .     i.    "^  .1        i-      1  ,i.- 

.  extending  ventrally;  ray,    support  for  the  hmb  proper:  tbis 

■pinal  cord ;  re',  re",  rudiment    constitutes  the  Ivmh-arch  ot  girdle. 

a  kidney  tubule  and  duct.  ^he  areh  may  remain  compam- 

tively  small  and  not  extend  far 
dorsally ;  but  when  the  extremity  is  destined  to  perform  more  im- 
portant  movements  in   locomotion   or    to   give   a   more  definite 

'  The  essential  part  of  thia  conception  be  M  the  origin  of  the  pured 
oKtremitiea  is  due  to  Tliacher,  Mivart,  Balfour,  H&swell,  and  Dobrn,  and  a 
somewhat  Rimilar  idea  was  put  forward  by  Goodsir  as  early  aa  18SA.  The 
PalHiozoic  Cladoselache  ia  very  suggestive  in  this  respect. 

^  Thus  pliytogeneticnlly  Uoth  anterior  and  posterior  extremitiea  can  be  trtkced 
to  a  metameric  ground-plan.  At  the  same  time  it  must  be  borne  in  mind  that  the 
above  account  is  not  altogether  borne  out  ontogeneticall^ .  The  mtuola-bnda  ore 
not  strictly  metameric,  aa  tliey  fuse  together  before  coining  into  connectioD  with 
the  skeletal  parts,  with  which  tliey  do  not  always  correspond  numerioally  and 
which  appear  to  consist  at  lirstof  a  single  unsegmented  basipteiyginili :  in  other 
words,  till:  nulii  arise  si;c!on.lai-ily.  Moreover,  it  is  held  by  some  embryologists 
that  oiit^eneticnlly  the  ginllc  is  the  primary  part  of  the  extremity  from  which 
"-  '~?e  portion  grows  out  secondarily,  and  a  similar  axifuga)  growth  can  be 
Lsed  in  the  ii:otltnii  fins.     All  this,  iiowever,  may  only  mean  tA4t  rawpi 


"ic.     97.— Trans  VBE8E    Sbction 

SilABK    {PristiHriu    melanosto- 
mus),   9    MU.    LoK«,    SB 
TUB  Mode  of  Oriiiin   ( 
Pectohal  Limb-Bvds. 


the  free  portion  grows  out  secondarily,  . 

■'  "      '"  '"''' I,  iiowever,  may  only  Bi 

against  the  lateral  Sn-theory  are  still  not 


rucogni 

tiai  is  incomplete,  and  the  argui 
eoacluaive. 


CAjfitnla- 
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support  to  the  body,  in  addition  to  meeting  with  its  fellow 
vcntrally,  the  arch  iimy  extend  upwimls  so  as  to  come  into 
connection  with  the  uxial  skeleton,  thii:j  forming  an  almost 
complete  girdle  nround  the  body.     The  parts  of  the  limb-skeleton 


Fill.  98.— A,  B,  U. 


THR   1)|CVEIA)P- 


d,  cloKcd  aperture  ;  fo,  obturator  fiirameii ;  ni,  priniilivc  radii,  which  in  A  are 
beainning  tu  fuw  intu  n  baanl  plale  (/»].  In  B  lhi>  [union  liaa  Uken  place 
OD  Doth  aiilea,  and  at  *  the  proximal  ends  uf  thu  two  baiula  are  approKiinat- 
ing  to  form  tho  arch.  Iti  C  the  procesB  is  coniplttwi.  and  at  t  an  artit'ulation 
baa  been  formed  between  the  arch  and  the  free  portion  of  the  fin.  On  tho 
left  aide  in  C  the  radii  are  becoming  iHxH>ndariiy  aeginentcfl. 


may  become  ossified  later.  The  {>elvic  fin  of  Fisheu  as  a  nilc 
remains  at  a  simpler  and  more  embryonic  stitgi;  than  the  pec- 
toral fin. 

The  paired  extremities  are  not  connected  with  any  jtarticular 
body-segments,  but  vary  greatly  as  t<>  their  relative  positions  and 
the  nerves  which  supply  ihcm. 
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Pectoral  Arch, 


Flihei. — Paired  fins  and  arches  are  wanting  in  Cyclostomes, 
In  Elasmobranchs  the  pectoral  arch  consists  of  a  comparatively 
simple  cartilaginous  bar  (Fig.  99),  situated  just  benind  the 
branchial  apparatus,  the  two  halves  of  which  are  united  vcntrally 
by  cartilage  or  fibrous  tissue,^  and  in  embryos  of  Teleostomes  it 
has  at  fiist  a  similar  structure.     Later,  however,  in  the  last-named 


Fic.  09.— Pkotoral  Arch 


b,  the  main  tin-ray,  tying  in  the  axis  of  tho  mefapler^pum  (Ml) ;  t,  aingle  ny  on 
the  oilier  side  of  the  axis  (indioation  uf  a  biserial  type);  FS,  homy  raya, 
cut  tliroiigh ;  Pr,  ill.  Ml,  the  three  basal  elements  of  the  fin  (pro    


and  metaptorygium) ;   flo,  fhi-rayB  ; 


SIS 


V. 


,  pectonJ  arch,  with  a  nerve 


Order,  bony  structures  originating  from  the  integument  are 
developed  in  this  region  ;  so  that  a  secondary  or  bony  pectoral  arch 
may  be  distinguished  from  a  ^jnmary  or  cartilaginous  one,  the 
latter  becoming  less  marked  in  proportion  to  the  development  of 
the  former  (Fig.  100). 

In  all  Fishes  the  free  extremity,  or  fin,  is  connected  with  the 
hinder  and   outer  cirenmforence   of  the  (primary)  arch,  convex 
a  small  ventral  clement  which  hu  been  compared 
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arldculatioDs  being  formed  od  the  arch  which  fit  into  concave 
fecets  on  the  fin.  The  point  of  attachment  of  the  extremity  may 
be  taken  aa  seiwtrating  the  arch  into  an  upper  dorsal  and  a  lower 


which   may  fxceptionally  be  con- 


ventral  section.  The  for 
nected  with  the  vertebral 
column  {viz.,  Raiidae),  cor- 
responds to  the  teajyiiUi,  and 
the  latter  to  the  coracoid  plus 
proeoraeoid  of  the  higher 
Vertebrata. 

In  Teleosts  and  bony 
Qanoida  the  secondary  arch, 
consisting  of  a  row  of  bones, 
forms  the  principal  sup]K>rt 
of  the  fin  m  the  adult,  the 
main  element  being  a  largo 
c/aviele.  The  arch  becoineH 
secondarily  connected  with 
the  skull.  (For  further 
details,  of.  Fig.  100.)  In 
Dipnoans,  clavicles  and 
supra-clavicles  invest  the 
cartilaginous  arch  (Fig.  71). 

Amphibians. — In  this 
Classthe  pectoral  arch  showa 
no  direct  connection  with 
that  of  Fishes,  but  is  siniilar 
in  fundamental  plan  to  that 
of  all  the  higher  Vcrtobratos. 

It  always  conHists  on 
cither  side  of  a  cartilagin- 
ous or  bony  dorsal  plate 
(scapula  and  enpmscapiiln), 
which  curves  round  the  side 
of  the  body  and  is  con- 
tinnouB  with  two  ventml 
plates — an  anterior  (procoracoiil)  and  a  ]K>8tcrior  {rm-acoul)  (Figs. 
101  and  102).  The  ventral  part  of  the  arch  bocouies  connected  with 
the  sternal  apparatus.  The  humerus  articulates  with  a  cuncjive 
glenoid  facet  at  the  junction  of  the  scapula  and  contcoid.  The 
two  coracoid  plates  either  overlap  one  another  in  the  niid- 
ventral  line  (Urodele-s,  Fig.  55,  a,  u  ami  certain  Anura— »?.j7. 
Hyla,  Bombinator,  Fig.  55,  c),  or  else  their  free  cdgeM  conic  into 
apposition  and  unite  (other  Anura,  e.g.  Rnna,  Fig.  55,  1>).  In 
Anurans  the  proeoraeoid  has  a  more  transverse  position  than 
in  Urodelcs,  and  comes  into  connection  with  the  coracoid  in  the 
mid-ventral  line,  thus  giving  rise  to  a  tenestra  between  the  two. 


1),  I>',  Ifi,  clmin  (if  iKH.'onilRry  bunei  of  the 
pocU>ral  arch  (clavicle  fcnd  ■iipnu-Uvicle), 
whidi  IB  <-«iini!ctnl  wilh  tbc  ikull  by 
miHinH  of  tbv  pi»t-t«inporsl  {Om);  F, 
S,  iHiiiy  liii-niyi.  nhown  cul  away  from 
Iheir  utUvhinciita ;  IIS,  Iwny  ray  on  Iho 
Ixinlcr  uf  thu  liii  which  ix  cnnnecWd 
with  thu  fourtli  Innal  elumeiit ;  L, 
foraiiieli  in  aciLpuk  ;  M',  mctaplvrygium  ; 
lia.  Kit,  the  Hi^coiiil  and  Ihinl,  nncl  4, 
thu  fourth  Irawil  uluniciit  uf  Iho  tin; 
Ka*,  thu  HTCond  i-nrtilagiiiini"  row  of 
radii ;  fi  utiil  Cii{l'l),  Ixniy  (d'aiinla  and 
coracoid,  whicrli  havu  become  aevulopmi 
in  tho  cartilage  Kn. 
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The  whole  arch  is,  moreover,  more  strongly  ossified,  the  procoracotd 

being   covered   by  an   investing   bone — the   clavicle,   which   may 

more   or   less   completely  replace  it.      This  integumentaiy  bone 

corresponds  to  the  part  of  the  secondary 

arch  which  first  appears  in  Ganoids :  in  the 

Stegocephali   there   was  a  well-developed 

clavicle  connected  with  the  epistemnm  (see 

p.  44)  and  peripherally  with  another  bony 

rod  (cleithnim),  which  also  occurred  in  the 

Fh:.  101.— DtAORAH  oFTtiB  **'^''  Rcptilc  Pareiasaurus. 

Gkound-Typb  or    Pa.  Reptile!  — As  in  Amphibians,  the  moat 

toralAhch  HETwiTniN  esscntial    parts  of   the   pectoral  arch    of 

A^,m"™SIiH™"   KeptiloB    .re   tho    scapufa    Mid    comcoid, 

arismg   m   connection  with   a  continuous 

^ouT  wThumer^  ^"s    cartilaginous  bar  or  plate  as  is  well  seen  in 

Bcnpula.  Lizards  (Fig  56)     A  procoracoid  may  also 

be   formed    and    in    Chetonians    a    bone 

usually  described  as  the  procoracoid  is  strongly  developed,  but 

is  firmly   united   with    the   pillar  like    scapula    the   two  being 

separated   from   the   coracoid   by   a  suture     hence  the  bone  in 


o,  6,  bony  processes  eilcnding  into  the  procoracoid  and  coracoid  reBpectively ; 
CI,  procoracoid  ;  Go,  toratoid  ;  O,  glenoid  cavity,  surrounded  by  a  rim  of 
cartilage  (L) ;  S,  scapula  (ossified) ;  iS'M,  suprascapula. 

question  is  sometimes  spoken  of  as  a  prosenpxda.     In  other  recent 
Reptiles  the  procoracoid  is  much  reduced  or  even  absent. 

Traces  of  the  relations  of  the  procoracoid  to  the  clavicle  can 
still  be  seen  in  some  cases,  but  the  latter,  when  present,  arises 
mainly  from  a  connective-tissue  blastema  unconnected  with  a 
procoracoid  (Fig.  5G).  Nevertheless  a  primary  and  a  secondary 
part  of  the  peetoial  arch  can  also  be  recognised  in  Reptiles,  the 
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former  represented  by  the  more  constant  elements,  while  the  latter 
tends  to  become  reduced  and  may  even  entirely  disappear. 
Clavicles  are  absent  in  Chelonians,  and  are  either  wanting  or  rudi- 
mentary in  Crocodiles  find  Chameleons. 

On  the  loss  of  the  extremities  (certain  Skinks,  Amphisbaenians, 
Snakes),  the  primary  shoulder-girdle  becomes  reduced  or  even 
entirely  lost,  the  reduction  beginning  with  the  sternum. 

The  shifting  backwards  of  the  pectoral  arch,  which  is  already 
to  some  extent  seen  in  Amphibians  as  compare<l  with  Fishes,  is 
still  more  marked  in  Reptiles,  in  which  it  is  situated  some  distance 
from  the  head ;  this  is  especially  seen  in  Chelonians  and  many 
fossil  forms,  and  reaches  its  maximum  in  Birds. 

In  Lizards,  unossified  spaces  are  left  in  the  coracoid,  giving 
rise  to  fenestras  closed  over  by  fibrous  membrane.  A  main  fenestra 
(cf.  Fi^.  56,  a,  dorsal  to  which  a  bony  process,  the  vestigial  pro- 
coracoid,  can  be  seen)  maybe  distinguished  from  accessory  fenestne 
of  varied  form  and  number,  and  is  typical  of  all  Lizards:  it 
arises  in  the  primary  arch  and  corresponds  to  that  occurring  in 
Amphibians  (Fig.  55). 

BirdB. — In  Birds,  the  scapula  consists  of  a  thin  and  narrow 
plate  of  bone  often  extending  far  backwards,  the  strong  coracoid 
feeing  bent  at  an  acute  angle  and  united  by  ligament  with  it  in 
typical  Carinate  Birds  (Fig.  53).  In  the  Rati  tie  the  relatively 
small  scapula  and  coracoid  are  ankylosed  with  one  another. 
The  lower  end  of  the  latter  bone  is  firmly  articulated  in  a  groove 
on  the  anterior  edge  of  the  sternum,  while  its  upper  end  takes 
part  with  the  scapula  in  forming  the  glenoid  cavity,  beyond 
which  it  is  produced  in  the  Carinata?  and  in  Archeopteryx  to  form 
an  acrocoracaul  process. 

In  Struthio  the  broad  coracoid  is  fenestrated,  and  its  anterior 
part  may  be  looked  upon  as  a  procoracoid :  in  other  Ratita3  the 
latter  is  considerably  reduced,  and  may  be  represented  merely  by 
a  ligament ;  in  Carinatie  it  can  often  no  longer  be  recognised. 

In  almost  all  Flying  Birds  the  clavicle,  a  purely  dennal  bone, 
is  well  developed,  and  becomes  united  with  its  fellow  to  fonn  a 
fnrcvia  (Fig.  53).  Amongst  the  Cursorial  Birds,  the  Emu  and 
Cassowary  possess  vestigial  clavicles:  in  the  others  they  are 
wanting,  and  they  have  also  imdergone  more  or  less  complete 
reduction  in  some  Carinate  Birds  {e.g.  certain  Parrakeets  and 
Owls). 

Mammals. — In  Monotremes  the  pectoral  arch  retains  primi- 
tive characters,  and  in  them  only  amongst  Mammals  docs  the 
coracoid  extend  ventrally  to  reach  the  sternum  (Fig.  103);  in  all 
other  membei*s  of  this  Class  it  characteristically  becomes  reduced,^ 
and  simply  forms  a  prominent  process  on  the  scapula  {coracoid 

'  In  early  stages  of  certiiin  Marsupials  (c.f/.  Trichosanrus),  and  iKWsibly  in 
all,  the  coracoid  is  well  devolopcd  and  articulates  with  the  8t<^rnuni,  but  it  sub- 
aequcntly  undergoes  reduction. 
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process),  which  is  ossified  from  a  separate  centre,  apparently  repre- 
senting an  epicoracoid,  while  the  coracoid  proper  may  be  occa- 
sionally indicated  by  a  small  centre  of  ossification  on  the  glenoid 
margin  of  the  scapula. 

Thus  the  scapula  becomes  freer  from  the  rest  of  the  skeleton, 
and  it  alone  serves  to  support  the  extremity;  it  becomes  at  the 
same  time  greatly  broadened,  and  gives  rise  on  its  outer  side, 
in  connection  with  the  highly  differentiated  muscles  of  the  limb, 
to  a  strong  ridge  (spina  scapuise),  which  extends  downwards  to 
form  the  so-called  acromion.     The  distal  end  of  the  clavicle  usually 


Fw.   103.— Pbcttor*!.  Abch  and  Sterndm  of  OmUhorhyrKhHi paradoxiu, 

c',  «',  c",  first,  aeconil,  and  third  ribs;  ri, clavicle;  f.r,  opiooraooid  i  «■  and  at», 
prOBtvmum  (episternuin) ;  m.r,  coracoid  (metacomcoid) ;  tn,»,  manubrium 
atemi ;  nc,  scapula ;  al,  stemebra. 

becomes  connected  with  the  acromion,  its  proximal  end  articulat- 
ing with  the  anterior  edge  of  the  sternum. 

In  those  Mammals  in  which  the  fore-limbs  are  capable  of  very 
varied  and  free  movements  (Lemurs,  certain  Marsupials,  many 
Rodent's  and  Insectivoros,  Bats,  and  Primates)  the  clavicles  are 
strongly  developed.^  In  others  {e.g.  Ungulates,  Cetaceans,  Carni- 
vores, most  Edentates,  Rodents,  Marsupials)  they  may  be  en- 
tirely wanting  or  only  vestigial,  and  in  the  latter  case  their  rela- 
tions to  the  scapula  become  altered. 

'  The  ctavicie  is  primaiily  independent  of  the  ci 
p«clDrul  arch.  Ita  original  dermal  charucter  is  ret 
all  other  Mammals  it  is  ilevclopoil  on  a  cartilaginous 
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Pelvic  Arcb. 

n«hef. — III  ('iirtiliiginourt  Oimuicb,  imlinUiotis  uf  a  ihiIvw 
arc  .seon,  but  arc  very  viiriabk!,  even  in  indiviihials  of  the  wiine 
species.  They  consiHt  nf  two  mlcilitHl  nr  ostiititsl  prhic  plutes, 
which  correspond  to  ]>»rti()iia  Hegnicntoii  off  from  the  basal 
cartilage  {bosipterygiiim)  of  the  fin.  In  houh,.  caaes  even  thia 
segmentation  dovn  not  take  place,  and  thus  the  pelvis   i 


F«i.  104.— SiMi-LK  Fii 

A,   I'lrHmmtithnt—Uvi  pvlvin  in  here  iiiit  iliflTeruntintvil  from  the  v 

(fr)  uf  the  1iiutipt«rygiiiin  1  It,  SmphirkuHrhiiii  ntlnpkrarlHa;  0,  Polf/iltria 
hickir  i  I),  NtrliirH*  {Mttiobmwhu').  Aji,  apoHiiysin  rif  the  Imsi pterygium  ; 
Am',  hasipterygium  ;  Fo,  ubturslor  fomnieii ;  /'.  pelvii ;  Rad,  nulii. 

undifferentiated.  This  ainipk-  condition  is  also  met  with  in  the 
ancient  forms  Plenracanthnw  and  Xenaeaiithns  (Fig.  104,  A,  h). 

In  Polyptcnis  the  pelvis  shows  stmie  advance  on  that  of 
Sturgeons.  Owing,  doubtless,  to  the  necessity  of  a  firmer  connec- 
tion of  the  fin  with  the  body-wall,  the  two  pelvic  plates  become 
united  together  in  the  mid-ventral  line  (Fig.  104,  c).  In  spite, 
however,  of  the  rudimentary  character  of  the  pelvis  of  Polypterus, 
the  essential  fomi  of  that  of  the  Dipnoi  and  Auii>hibia  (D)  is 
already  sketche<l  owt  (for  Teleosts,  cf.  p.  15!0- 

The  pelvis  of  Klasniobnuichs  consists  of  a  tmnverst-  l»ar  rxtt.-nd- 
ing  between   the  two  basipterygia,  fnuii   which   it    has    iRHome 
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segmented  off  secondarily  (Fig.  HH) :  it  is  [jerforated  by  nervea, 
and  gives  rise  on  either  side  to  an  iliac  process  (most  marked  in  the 
Holocephali)  exteod- 
ing  upwards  into  the 
lateral  walls  of  the 
body  (Fig.  105).  A 
prepvMc  procets  la  also 
present,  and  there  is 
apparently  also  an  in- 
dication of  a  median 
cpi  pubic  process  (cf. 
infra).  The  whole 
pelvic  plate  essentially 
corresponds,  more  or 
ess  completely,  with 
the  ischiopubis  of 
.  aiHl  higher  forms. 


In  the  Di 


Lpnoi 


the 


region  of  the  ischiopul  c  symi  hjsii 


plvic  plate  (Fig  106) 
IS  provided  with  a  long 

and  delicate  antenor  median    a  short  postenor  median  process, 

and  two  pairs  of  lateral   puocesses     Of  the  latter  the  Mitenor 

(prepubic  processes)  are  much 

longer  in   Protopterus  than  in 

Ceratodus,  and  each  is  embedded 

in   an   intermuscular    septum 

with  the  posterior  proctss  tht 

skeleton   of  the   fin   is   articu 

lated   by   means    of  an    inter 

mediate   piece.      The    antenar 

unpaired  process  miy  be  looked 

upim     as    an    epipuinc   process 

corresponding  with  that  of  Am 

phibiaand  Amniota  (g  t)    The 

posterior  or  hypoischiaticproce'-s     '' 

bears  a  ridge  for  the  attachment 

of  muscles. 

Amphiblani. — It   will    be 

seen  by  a  glance  at  Fig  104  u    p^^^ 

that  the  ventral  portion  of  the 

pelvic  arch  of  Necturus  is  formed 

on  the  same  plan  as  the  pelvic 

plate  of  the  Dipnoi  and  Crosso- 

pterygii,  but  in  all  Urodela  and 

Amniota  it  is  perforated  by  the 

obturator  nerve.   Like  the  pelvis 

of  all   Vertebrates,  it  has  a  paired  origin,  and   in  Proteus  and 


which  the  pelvic  fin  (ITB)  is  Btti 
c,  epipubic  process ;  Or,  ridge  for 
attachment  of  mnaclM  ;  Jf,  inyotomeB ; 
M',  iiit^rniiiacular septK. 
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Aniphiuma  this  is  indicated  by  the  fact  that  its  anterior  epipubic 
process  is  paired  throughout  life  (Fig.  107,  A,  b).  In  the 
Derotrema  and  Myctodera,  the  anterior  end  of  the  median  epi- 
pubic process  is  bifurcated  (c,  d). 

As  alrejuly  indicated,  the  ischiopubic  plate  is  phylogenetically 
the  oldest  part  of  the  pelvis,  and  various  modifications  as  regards 
the  degree  of  its  fusion  into  a  median  unpaired  plate  and  of  its 
ossification  occur  amongst  Amphibians ;  the  typical  triradiate 
arrangement  of  the  pelvic  bones  (ilium,  isclmtm,  and  piibis),  such 


A  •  B  c 

Fio.  IOS.—Pfxvis  of  Anura.     A,  Xenopm,  from  below;  B,  the  same  from 

the  front ;  C,  Rana  ettcufeiUa,  from  the  right  side. 

Ac,  acetobuium ;  Cep,  epipubic  cartilage ;  /,  ilium ;  P  (in  Xeuopus),  the 
proximal  end  of  the  ilium,  which  in  separated  from  its  fellow  and  from 
the  pubis  by  a  +  -shaped  zone  of  cartilage,  t,  *  ;  /j*,  ischium  ;  P,  pubis  {P^  in 
Raiia,  pubic  end  of  ilium). 

as  is  further  differentiated  in  certain  Stegocephali  and  in  Reptiles, 
is  already  sketched  out. 

One  of  the  most  characteristic  differences  between  the  pelvis 
of  Fishes  and  that  of  Amphibians  is  seen  in  the  marked  develop- 
ment of  the  iliac  region  in  the  latter  group.  The  ilium,  like  the 
scapula,  extends  upwards  in  the  lateral  walls  of  the  body ;  and  in 
Proteus  and  Amphiuma,  owing  to  the  reduction  of  the  limbs  in 
these  forms,  does  not  reach  the  vertebral  column  (Fig.  107,  A,  B). 
In  all  other  Amphibia,  as  in  the  Amniota,  it  comes  into  connection 
with  the  sacrum,  owing  to  the  necessity  for  the  hind-limb  to  act 
as  a  support  for  the  body  in  tenestrial  animals. 

The  pelvis  of  the  Anura  differs  from  that  of  Urodela  in  the 
following  characteristics.  In  correspondence  with  their  mode  of 
progression,  the  ilium  of  each  side  becomes  extended  so  as  to  form 
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a  long  rod  (Fig.  108,  c);  and  the  ischiopubie  plate,  which  in 
Unxleles  lies  in  the  plane  of  the  abdominal  walls,  becomes  closely 
pressed  together  in  the  middle  line  and  gives  rise  to  a  well-marked 
ventral  keel :  it  is  not  perforated  by  the  obturator  nerve.  The 
pubic  region^  moreover,  though  often  ailcified,  is  indej>endently 
ossified  only  in  the  case  of  Xenopus  (Fig.  108,  A,  b). 

Reptiles. — The  chief  characteristics  of  the  Reptilian  j>elvis  as 
compared  with  that  of  Amphibians  consist  in:  (1)  a  much  more 
marked  differentiati<m  of  the  pubis,  which  is  more  distinctly 
separated  from  the  ischium  by  an  ischiopubie  foramen ;  (2)  the 
greater  development  of  the  ilium,  which  is  sometimes  broadened 
out  at  its  vertebral  end ;  and  (3)  the  more  intense  and  solid 
ossification  of  the  arch  21s  a  whole. 

Points  of  connection  with  the  pelvis  of  Amphibians  are  seen 
in  certain  fossil  forms  (f.g.  Pala^ohattcria,  Plesiosauria),  and  also 


Fic;.  109.— Pklvi*'  ARrii  ok  /Intteria.     (After  CrtHliier.)     From  the 

ventral  side. 

Ctp,  epipubic  cartilaue  ;  /b*,  obturator  foramen  ;  /,  ilium  ;  /<>,  i»cliium  ;  /*, 
puois ;  ftp^  prepiibiK ;  *,  hvpoischiatic  ])roce88,  which  beeomen  aegmentcd 
off  from  the  pelviH  in  other  Reptiles,     t,  t,  ischiopubie  foramina. 

in  Hatteria  and  the  Chelonia.  In  the  Plesiosauria  and  Hatteria 
(Fig.  109)  the  pubes  are  not  very  widely  separated  from  the 
ischia,  so  that  the  ischiopubie  foramina  are  not  so  extensive*  as  in 
many  other  Reptiles. 

From  this  condition  that  seen  in  the  ( -helonia,  more  especially 
in  Macrochelys  and  Chelydra,  maybe  eiisily  derived  (Fig.  110,  a). 
In  both  cases  the  epipubis  an<i  prepubis  are  strongly  marked.  In 
other  respects  there  is  great  variation  in  the  form  of  the  pelvis  in 
Chelonians,  but  the  obturator  and  ischiopubie  foramina  are  never 
distinct  from  one  another  (Fig.  110). 

The  pelvis  of  the  typical  Dwertilia  (Fig.  1 1 1)  is  characterised  b^ 


150 


COMPARATIVE  ANATOMY 


H  lightnoKH  of  build.  The  rod-like  pubis  and  ischium  are  separated 
from  one  another  by  a  large  ischiopubic  foramen,  and  between  them 
in  the  middle  line  is  a  longitudinal  fibro-cartilaginous  ligament, 
(continuous  anteriorly  with  the  plug-like  epipubic  cartilage  and 
xwteriorly  with  the  hypoischium  or  os  doacm  (absent  in  Chame- 
(jons).     This  tract  represents  the  remnant  of  the  median  ends  of 


1 


B 


D 

Kui.   UtK     l*Ki.vir  Auni   ok   VAKi«>rs  Ciieu»nians.      From  the  ventral  side. 
A,   .VtirnvAr/y^  (Hfler  iJ.   Htiur) ;   B,  Spkaryi*  coriacta  (after  Hofimaiui): 


(\/»,  o|M|uil»U'  inirtilA^^ ;  /oi>#\  Whiopubie  foramen ;  //)>/«,  1 


ic  process; 


tho  pubis  iuul  isi'hium  which  an*  present  in  the  embryo;  and  thus 
in  this,  as  in  ivrtain  oihor  n^sjKvt*.  the  pelvis  of  the  Lacertilia 
nu\v  Iv  Siud  !•>  ivuss  thnuii^h  a  Hattoria-like  stage  in  the  coarse  of 
do\  olopmont.  Tho  ilium  in  Si»mo  cases  i$  afanost  vertical  in  posi- 
tiou :  in  v'choi^s  it  is  more  obliipio.  sloping  upwaids  and  backwards 
fivm  the  iuvtabulum. 
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In  Snake-like  Lizards  the  pelvis  undergoes  degeneration,  and 
in  Amphisbsenians  vestiges  merely  of  the  ilium  and  pubis  are 
present ;  in  certain  Snakes  vestiges  of  a  pubis  alone  occur. 

While  the  pelvis  of  Lizanls  and  Chelonians  show  a  certain 
amount  of  similarity,  that  of  Crocodiles  exhibits  special  character- 
istics and  is  of  particular  interest,  as  in  some  points  it  resembles 
that  of  certain  extinct  forms.  The  pubos,  which  have  at  first  a 
transverse  position,  become  later  directed  forwards  much  more 
markedly  tnan  in  Chelonians  and  Lizards,  and  thus  the  ischio- 
pubic  foramina  (in  which  the  obturator  foramina  are  included)  are 
very  wide,  and  are  separated  from  one  another  by  a  fibrous  cord 


Fiu.   111. — Pklvis  of  Lacerta  viripara.     Frum  the  ventral  side. 

ACf  acetabulum,  in  which  the  three  pelvic  bones  come  together ;  Cep,  epipubis, 
composed  of  calcitie<l  cartilage  ;  Fo^y  obturator  foramen  ;  Hph^  hypoischium, 
which  becomes  segmented  off  from  the  hinder  ends  of  the  ischia  in  the 
embryo  as  a  paired  structure  ;  /,  ilium,  with  its  small  preacetabular  process 
ft,  much  more  strongly  developed  in  Crocodiles,  Dinosaurians  and  Birds ; 
Is,  Ischium,  forming  a  symphysis  at  Sh ;  Lfjt  fibrous  ligament ;  P,  pubis ; 
PP,  prepubis. 

(Fig.  112).  All  three  elements  chondrify  independently,  and  then 
unite  in  the  acetabulum,  which  is  perforate<l.  The  pubic  bone 
becomes  shut  out  from  the  acetabulum  by  a  cartilaginous  pars 
acetahularis,  not  represented  in  lower  Vertebrates,  formed  from  the 
acetabular  process  of  the  ilium.  The  epipubis  is  contained  in  a 
cartilaginous  apophysis  at  the  anterior  (distal)  end  of  the  pubis, 
which  does  not,  like  th(;  ischium,  unite  with  it^s  fellow  in  a 
symphysis :  there  is  no  hypoischium. 

The  ilium  becomes  greatly  broadene<l  out  in  the  antero- 
posterior direction  dorsally,  where  it  is  attached  to  the  siicrum ;  a 
similar  extension  of  the  ilium  occurs  still  more  markedly  in  the 
Theromorpha,   Dinosauria,   and    Birds   (Fig.    113),    in   which   it 
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liei;uiiiuci  connected  with  au  iiicrea»iiig  number  of  vertebra.', ; 
fomis  a  tiinier  aupiwrt  to  ibe  body. 

Bird*.— The  pelvis  of  Birds  is  chiefly  characterised  by  I 
relatively  large  development  uf  the  iliac  region  and  by  the  pusiU 
of  the  delicfite  pubis,  which  in  the  course  of  development  becom 


Fio,  112. —Pelvis 


B.  fibrous  band  between  the  pubis  and   symphysis    iscliii ;  h 

BcetHbulum,  bounded  posteriorly  by  Ihe  Iwo  prooeaxea,  ii  Hnd  b,  of  the  iliuiu 
and  iachium  reopectively  i  F,  ischiopubiu  forameii ;  O,  avetabuliiin  ;  /',  ilium  ; 
/■.  ischium  ;  M,  libruuB  membrane  cxteiidiag  b«tweeii  the  aolerior  margin  of 
the  pubis  luiil  the  Wt  j»ir  of  "ithdiiniinal  r\im"  [Bit];  P.faba;  Sy, 
Hympbysis  of  isvliiuin :  *,  indicntioii  of  a.  forwarvl  griiwtli  of  tbe  ilium,  aui^h 
as  is  mel  with  iu  DiuownrianH  and  liirda  ;  t,  lura  iicetAliilUris,  wbivh  ii 
iiiterpxHwI  between  the  process  <i  of  tlie  ilium  niid  the  pubis ;  /,  II,  Ural  and 
second  s&cral  vcirlebriv. 

directed  backwards,  jutrRllel  to  the   i»chiuiti   and   pus tace tabular 
process  of  the   ilium.     The  preace tabular  portion  of  th>!  iliiim 
extends   forwani  for   a  consiaei-nble  riifttance,  and  a  number 
vertebra*  belonging  to  other  than  the  true  «u;ral  region 
aecondanly  connected  with  the  ilium  (cf.  p.  60).     The  acetabnli 
is   perforated,  and  the  pars  acctabntaria  forms  a  pectineal 
cess  which  is  reUiined  in  the  adult  in  Aptoryx  (P^ig,  113). 
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elemcntB  of  the  pt;lvis  usually  becomu  ankyloMcd.  The  [)ubia  actually 
meets  its  fellow  in  the  middle  line  only  in  Stnithio,  and  the  ischium 


Flu.    113. -I'KI.VIs  i>F  A,^'.ry.. 
a,  acetabulum  ;  ii,  ilium ;  ■>,  i 


fdorsally)  only  in  Rhea.  A  process  given  off  fnun  the  posterior  end 
of  the  pubis  m  the  Emu,  ana  extending  forwards,  may  represent  an 
cpi  pubis. 

In    ArchiEoptoryx,    all    the    el<;mfnt8    of    the     pelvis    were 
independent  and  relatively  small,  Iho  ilium  coining  into  relation 


Fo,    oblurmtor    foramen ;   lli 
bones— ilium  (/').  iBtliiuiii  ( /-), 
pubin  (/>)-iirc  shown  (tistirK't  ( 
one  another  in  llir  «i>ftabiiliiiii. 


with  about  six  verti-bnu  only,  and  the  jiubis  and  Ischium  being 
leas  backwardly  directed  than  in  recent  Birds. 
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Hammali. — Tht;  ilium  and  ischium  of  Maiumak,  like  thuae 
of  the  Aniim  and  Saiiropsida,  are  respectively  preaeetabnlar  and 
postace tabular  in  position,  and  the  elements  of  the  pelvis  remain 
separated  for  a  long  time  by  cartilage,  but  later  become  fused 
trig.  114).  The  pubis  always  takes  less  part  in  the  formation  of 
the  acetabiituni  than  do  the  other  two  bones,  and  may  be  more  or 
less  entirely  shut  out  from  it  by  an  ossification  of  the  pars  aceta- 
biilaris,  which  subsequently  unites  with  either  the  ilium,  ischium, 
or   pubis  (Fig.   115),      This  aeetahiilar  bone  is  especially  well 


(For 


J8,  fl-5 


E]~ 


cpipubis   (marmipial    bono) ;    Faht,   obtilTBlor    foramen      J     d  J 

iiohium  ;  Lg  and  Lyf,  ligameut  between  the  pu]  a  anil  op  pubis     P  pubis 
rSv,   iichiopubic  ajniphyaiit ;    Tvii.U.p     1  opect  neal  t  ae  ole  c&rt  la 

^inoua  apopbyais  nt  Ilie  anterior  end  of  the  ep  pub  s 

-In  Fig.  A,  QH,  Hrtjcutktion  between  the  pubis  and  epipnbis  ;  Tb,  cartilaginous 
tuber  ianhii ;  Z,  proceu  on  the  anterior  border  of  the  pubis ;  f,  f ,  -ft,  ilio- 
anrl  iBchio-pubic  sutures. 

In  Fig  B,  h,  h',  cartilaginous  liasc  of  the  opipubis,  continaoua  with  the  ini«r- 
pubic  cartilage  at  f  ;  ",  '+,  laohio-pubio  ami  iscliio-iliau  sutures. 

developed  in  the  Mole,  in  which  it  shuts  the  ilium,  aa  well  as  the 
pubis,  out  of  the  acetabulum  ;  in  Monotremes  the  acetabulum  is 
perforated.  The  angle  between  the  axes  of  the  ilium  and  Hacrum 
IS  largest  in  Omithorhynchus,  and  most  acute  in  Rodents ;  the 
ilium  is  connected  with  a  varied  number  of  veitebrte  in  the 
different  forms. 

The  original  tyjje  with  both  puijic  and  ischiatic  symphyses, 
indicating  an  elongated  form  of  pelvis,  is  seen  in  Monotremes, 
Marsupials  (Fig.  116),  many  Hodents,  Inseclivores,  und  Ungulates. 
In  many  other  Inaectivorcs,  in  Carnivores,  and  more  particularly 
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in  the  Primates,  the  ischia  no  longer  meet  below,  and  the  broaden- 
ing of  the  ilia  seen  in  the  higher  forms  of  the  last  named  Order 
culminates  in  Man.  The  greatest  amount  of  variety  in  the  form 
of  the  pelvis  in  any  one  ortler  with  typical  ap{)endages  is  seen  in 
Insectivores,  in  some  of  which  {e,g.  Mole,  Shrew),  as  well  as  in 
most  Bats,  there  is  no  symphysis  pubis,  so  that  the  relatively  small 
pelvic  cavity  is  not  enclosed  vcntrally  by  bone.  The  obturator 
foramen  is  always  surrounded  by  bone. 

In  the  Cetacea,  in  which  hind  limbs  are  wanting,  paired 
vestiges  of  the  ischiopubic  region  of  the  pelvis  are  present :  they 
are  unconnected  with  one  another  and  with  the  vertebral  column. 
In  the Sirenia, a  paired  bony  rod  (Manatus)  or  plate  (Hal icore)  repre- 
sents the  last  vestige  of  an  ilium,  in  which  an  ischium  is  included 
in  the  latter  genus. 

In  Monotremes  and  Marsuj)ials  of  both  sexes,  two  strong  so- 
called  "  marsupial  bones  '*  (Fig.  1 1  (i)  arise  from  the  anterior 
border  of  the  pubes,  right  and  left  of  the  middle  line,  and  extend 
forward  in  a  stright  or  oblique  direction  embedded  in  the  body- 
walls,  serving  for  the  attachment  of  muscles.  They  form  an 
integral  part  of  the  pelvis,  and  in  the  embryo  are  seen  to  be  in 
direct  connection  with  its  cartilaginous  symphysis  (Fig.  116,  b); 
but  later  on  definite  articulations  are  fonned  between  them  and 
the  pubes  (a).  It  is  not  improbable  that  these  structures  are 
the  homologues  of  the  ejnpubis  of  lower  Vertebrates,  which  has 
been  retained  in  non-placental  Mammals  in  order  to  serve  as  a 
support  for  the  abdominal  walls  in  connection  with  the  marsupial 
pouch. 


Paired  Fins  of  Fishes. 


Fiihei. 


The  development  of  the  extremities  has  already  been  alluded 
to  (p.  137).  Tne  pelvic  fin  usually  retJiins  a  simpler  and  more 
primitive  form  than  the  pectoral  fin. 

Masniobranchs, — The  cartilaginous  skeleton  of  the  fins  is  the 
most  richly  segmented  in  these  Fishes.  There  are  usually  two  main 
elements  (basalia) in  the  pelvic  fin  which  articulate  with  the  arch  and 
with  which  a  variable  number  of  segmented  mys  are  connected,  the 
latter  passing  towaixls  the  periphery  of  the  fin  (Fig.  117).  Both 
the  larger,  posterior  laMptci^ygium  or  mdapteryifiuin,  and  the 
smaller,  inconstant  propter t/giuvt  must  be  lookcnl  upon  as  originat- 
ing phylogenetically  by  a  fusion  of  the  proximal  ends  of  the  pnmary 
cartilaginous  rays  of  the  fin  ;  and  the  form  and  relations  of  these 
main  elements  vary  according  to  the  degree  in  which  such  a  fusion 
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has  taken  place.'  Thia  is  aUo  true  as  regards  the  pectoral  fin,  in 
which  an  additional  basal  piece,  or  tnesopterpgium,  is  usually  present 
(Fig.  99) :  there  may  even  he  four  basaiia.  These  complications 
arise  in  connection  with  the  greater  importance  of  the  pectoral 
fin  iis  an  organ  of  locomotion.  The  distal  portions  of  both  fins 
are  supported  by  horny  fibres  (cf,  note  on  p.  137).      With  the 


BF,  pelvic  piBte;  Fo\  t,  nerve-tor- 
amina  ;  Pr,  propt^rygium  ;  Had, 
radii,  which  show  aeconilary  seg- 
mentation ;  S  Had,  hae't-  or  nieta. 
pterygium. 


n  /  the  two  first  segmenla  of  the 
main  axial  ra)  FS,  dermal  rays, 
shown  only  on  one  aide ;  t,  t, 
lateral  rnya. 


exception  of  one — or  at  most  of  very  few — all  the  rays  are 
situated  on  the  same  side  of  the  basaiia  {unisenal  type). 

In  Rays,  the  propterygium  of  the  pectoral  fin;and  usually  also  the 
meta])terygium,  are  strongly  <leveloped,  the  former  extending  far 
forwards  so  as  to  be  connected  with  the  skull  by  ligament,  and  in 
some  cases  even  uniting  with  its  fellow  in  front  of  the  skutl. 

IHpwMna. — The  cartilaginous  pectoral  and  pelvic  fins  are  here 


'  Id  male  Kloamubranchii  a  nil 
the  distal  mil  of  the  basipterygi 
uopulstory  organs  or  clospers  iq.i'-] 


iilx^r  of  pieces  of  cartil^e  ai 
lui  of  the  m'  '  "~  "  " 
\   these  may  D 
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also  essentially  similar  to  one  amither.  the  latter  being  rather 
the  simpler  of  the  two.  From  a  wgmcnted  main  ray  or  axis  a 
number  of  wgrncntcd  wxtmdary  rays  arisen  im  oithiT  side  in 
Cemtodus:  theiuiaFe  not,  however,  strictly  symmetrical  (Fig.  118). 
Beyond  thorn  dermal  rays  are  present  (p.  1;17).  A  proximal 
(b^ial)  segment  of  the  axis,  which  boiR*  no  niyw,  articulates  with 
the  arch.  In  Protoptenis  ami  Lepiilosiren  the  tins,  with  their 
skeleton,  have  undergone  a  marked  reduction,  so  that  little  more 
than  the  Heginento<I  axis  remains. 

Thus  the  hiw  of  Ditmoans  differ  fi-om  thaw  of  most  Elasmo- 
braochs  (as  well  as  of  Teleiwtomes)  in  being  foniied  on  a  hmrial 
tj-pe,  indications    <if    which    are,    however,    as    already   stated. 


r^ 


Fill.  ll».~Ki<iiiT 

I'KMir  Fis  „f  A  y 
Fruiii  the  d»n«l  «u 

iirs-ii  Po/goilonfitiimi. 

i,  txiiiy  deniuit  ruvH  ;  M, 

niolapliTj-gium  ;  I'r 

'a.lii  of  llie  first  Aii<l 

socornl  ordm^ 

seen  in  the  embryos  and  adults  of  certain  Elasmobranchs. 
Physiologically,  the  Dipnoan  fin,  like  that  of  the  young  Polyptenis, 
serves  not  merely  an  a  swimming  oi^n,  but  also  to  supixirt  the 
body  when  the  animal  is  resting  i>n  the  bottom,  its  do  the  limbs  of 
a  Urodele. 

Qanouls. — The  skeleton  of  the  fin  is  much  simpler  and  the 
primary  rays  much  fewer  in  number  in  Ganoids  than  in  Ela.-<mo- 
branchs.  This  is,  however,  coinpensitted  for  by  the  formation  of 
secondary  dermal  bony  structunts,  its  in  the  case  of  the  pcctonil 
arch  and  skull :  thew;  aris<^'  on  either  side  of  the  fin  and  may  or 
may  not  be  segmental:  they  an;  always  more  strongly  develojK-d  on 
the  anterior  than  oji  the  oosterior  Ixirdir  of  thr  tin.     The  most 

mi  imm.  G^f^tifors  mm'l^'sw 
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anterior  or  marginal  ray  comes  into  close  connection  with  the 
cartilage  of  the  primary  fin-skeleton  (Sturgeons)  or  entirely 
replaces  it  (Amia). 

In  the  pelvic  fin  of  cartilaginous  Ganoids  (Fig.  119)  more  or 
fewer  of  the  radii  are  connected  proximally  with  a  segmented 
basale,  which  is  perforated  by  nerves,  and  from  which  a  very 
primitive  pelviis  plate  may  in  some  cases  become  diRerentiated 
(Fig.  104,  b).  It  is  impoi-tant  to  bear  in  mind  that  the  distinction 
between  an  axis  and  secondary  rays  cannot,  therefore,  be  strictly 
recognised,  as  the  basale  corresponds  to  a  number  of  fused  radii, 
and  IS  perhaps  not  comparable  to  the  metapterj'gium  of  Elasmo- 


Fin.   120.— Lew  Pbctor.*l  Fin  of  A,  Polgodon,  anii  B,  Amia 
a—y,  radii  which  do  uol  reach  the  arch   and  are  connected   with   the   moal 
poiterior  ray  (IV.   in  A,  ///.  in  B) ;  I— IV,  cnrtiUginoua  radu  connected 
with  the  arch  {S) ;  KS,  bony  d«nnal  rays. 

branchs :  but  it  is  doubtful  whether  this  character  is  primitive  or 
secondary. 

The  primitive  relations  have  to  a  certain  extent  disappeared  in 
the  pectoral  fin  of  cartilaginous  Ganoids,  which,  however,  also 
consists  of  0.  varied  number  of  rays.  Of  these,  four  reach  the  arch 
in  Polyodon  (Fig.  120,  a),  and  five  in  Acipenser. 

In  the  pectoral  fin  of  Amia  (Fig.  120,  b)  two  large  converging 
marginal  rays  articulate  with  the  shoulder-girdle,  and  only  one 
intermediate  my  reaches  the  arch :  this  condition  may  be  compared 
with  that  seen  in  the  highly-developed  pectoral  fin  of  Polypterus 
(Fig.  121),  which  is  flanked  on  either  side  by  a  strong,  ossified  ray, 
between  which  is  an  intermediate  region.  The  fin,  therefore, 
resembles  that  of  an  Elasmobranch  with  its  propterygium,  meso- 
pterygium,  and  metapterygiom.' 

'  Even  if  it  should  be  proved  that  tlie  intermedial  region  {MS)  no  longer 
ariaes  in  the  embryo  by  a  fusion  oF  Neparate  rays,  it  is  possible  that  this  ma  Die 
case  phylogenetically. 
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The   fonii   of   the  iwlvic  tin  in   PolypU-nia  and   other   bi>ny 
Ganoids  may  be  easily  derived  from  that  wen  in  the  cartilaj^inouB 
representatives  of  this  owler,  and  it 
may  be  asaunicd  that  the  basjilc  !»  + 

due  to  the  concrescence  <)f  a  larger 
number  of  separate  nidii,  which  art;, 
therefore,  much  less  numerous  than 
in  the  Sturgeons  (Fig  104)  Bony 
rays  support  the  distal  part  of  both 
pairs  of  hnsfp  ISV) 

TeUoets. — A  still  further  reduc 
tion  has  takm  phtcc  ni  thi  prinittivc 
skeleton  of  the  pairG<l  fins  lu  Ttle 
osts,  there  being  at  most  only  a  few 
radials  artu  ulating  with  tliL  arch 
(Fig.  100),  and  ovm  these  (esptci  i 
ally  in  the  cast  of  tht  ptlvic  hn  in 
which  the  ireh  11  usually  considcrtKl 
to  be  undifFertnti  itcd)  maj  be  want 
ing.  The  niaiii  part  of  uich  fin  is 
auppjrted  by  bony  rays,  as  in  Ganoids. 
The  skeleton  of  the  fins  of  Sihiroids, 
Cyprinoids,  and  Gymnotida-  comes 
nearest  to  that  of  Ganoids.  „,  ,         ,        ,  .„ 

/W,  bony  <lernial  rayii ;  A(,  nerve 
fiirainiiin ;  Ow,  centre  of  otai' 
flcotion  in  MS  j  I'r,  Ml,  bony 
niiii'ginal  raya,  which  meet  at  T, 
HI)  that  the  iiiternitHliate  region 
(MSi  .loeu  not  reiuh  the  arch  ; 
Ra,  Rii',  rxlii. 
Though  it  is  {Missible  to  derive 
the  skeleton  of  the  fin  of  all  the  Onlers  of  Fishes  from  a  single 
ground-type,  it  is  a  far  more  difficult  task  to  trace  the  connection 
of  the  latter  with  the  extremities  of  Amphibia  and  Amniota. 
Between  these  two  tyjx's  of  extremity  there  si^eius  to  be  a  wide 
gap,  in  consequeiico  of  the  difi'erent  conditions  of  life  existing 
between  a<juatic  and  terrestrial  Vertebrates.  We  do  not  know 
how  the  pentadactyle  limb  of  an  air-breathing  Verti-bmte  (i-Jieini- 
pUrygiiim.),  adapted  for  progression  upon  land,  has  been  derived 
from  the  fin  (irkthyopteri/ginm),  only  fitted  for  use  in  the  water, 
and  Palieontijlogy  has  so  far  f'uniished  no  solution  to  this  pnibleni. 
There  is,  however,  a  certain  amount  of  probability  in  the  view 
that  the  cheiropterygiiini  hivs  arisen  from  such  jiu  ichthyopterjgium 
as  that  seen  in  cartilaginous  Fish(!S,  although  it  is  i|uite  un- 
certain as  to  how  tar  the  individual  jMirts  are  cuniitarable  to  one 
another  (Fig.  12-2),  and  how  the  fin,  which  is  pnictically  a  single- 
jointed  lever,  amply  sufticieiit  for  the  movement  of  the  body  in  a 
fluid  medium,  bocanur  giiiilually  tnuiNformed  into  a  many-jointed 
system  of  levers. 
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As  the  function  of  the  limb  is  now  no  longer  simply  to  propel 
the  body,  but  also  to  lift  it  up  from  the  ground,  the  firmly  con- 
nected elements  of  its  skeleton  are  placed  at  an  angle  to  one 
another  (elbow  and  knee,  in  which  the  angle  is  directed  backwards 
and  forwards  respectively),  definite  firticulations  being  formed 
between  them  in  a  proximo-distal  direction.  The  fore-limb  serves 
in  typical  cases  mainly  for  pulling  and  the.  hind-limb  for  pushing 
the  body  along  the  ground,  and  on  this  fact  depend  the  various 
differences  between  the  two  as  reganls  their  relation  as  a  whole  to 

the  trunk  and  of  their  various  parts 
to  one  another.  Instead  of  project- 
ing horizontally  outwards,  the  limb 
extends  downwards,  and  thus  the 
angle  between  it  and  the  median 
plane  of  the  trunk  is  gradually  re- 
duced, until  in  Mammals  eventually, 
the  longitudinal  axis  of  the  limb, 
when  at  rest,  is  parallel  with  the 
median  plane  of  the  body.  In  the 
higher  types  this  is  more  particularly 

Fio.  122.-DIAGKAMMATIC  Figures  ^^e    case    as   regards    the   posterior 

TO  SHOW  THE  RELATIONS  OK  THE  cxtrcmities, thc  antcrior  limbs  unQcr- 

Anterior   Extremity   to    the  going    the    most   varied   adaptative 

Trunk  IN  Fishes  (A),  AND  THE  modifications,    and    giving   rise    to 
Higher  Vertebrates  (B).  ,         .,  .      n    •  ® 

prehensile  or  to  nymg  organs — or. 

Ml,  metapterygium ;  /?rf,  radialia  as  in  aquatic   Mammals,  becoming 

111  A,   radius  in  B ;   iS,  pectoral  ^  .^ j    •    4.^   ««^Ji^« 

arch ;  Ul,  ulna ;  proximalty  to  Ui  ^^ce   more  Converted  into  paddles 
and  Rd  is  the  humerus.  The  fore-limbs  and  hind-limbs  of  all 

Vertebrates  above  Fishes  may,  how- 
ever, be  reduced  to  a  single  ground- type. 

A  division  into  four  principal  sections  can  always  be  recog- 
nised: in  the  case  of  the  fore- limb  these  are  spoken  of  as  upper 
arm  {hrachium),  fore-arm  {antibrachium),  wrist  [carpus),  and  hand 
(rnarnts) ;  and  in  the  hind-limb  as  thigh  (femur),  shank  (cnts), 
ankle  (tarsus),  and  foot  (pes)  (Fig,  123).  The  bone  of  the  upper 
arm  (humerus),  like  that  of  the  thigh  (femur)  is  always  unpaired, 
but  two  bones  are  present  in  the  fore-arm  and  shank.  The  former 
are  called  radius  and  ulna,  and  the  latter  tibia  and  filnda.  The 
hand  and  foot  are  also  respectively  divisible  into  two  sections,  a 
proximal  metacaipus  and  metaiarmis,  aiid  a  distal  series  of 
phalanges,  which  form  the  skeleton  of  the  fingers  and  toes  (digits). 
Both  manus  and  pes  are  made  up  of  several  series  of  cylin- 
drical bones.  There  are  never  more  than  five  complete  series, 
which — except  as  regards  number — present  essentially  similar 
primary  relations  throughout  the  higher  Vertebrates.  The 
skeleton  of  the  carpus  and  tarsus,  each  of  which  typically  consists 
of  a  series  of  small  cartilages  or  bones,  shows  much  variation  ;  but 
the  following  arrangement  may  be  taken   as   typical  (Fig.   123). 


Round  a  eentmlr,  which  nmy  be-  double,  is  amingod  a  scrieii  of 
otberelem<^nts,  of  which  three  nre  proximal, and  a  varying  number 
(four  to  six)  distal.  The  proximal,  in  correspondence  with  their 
relations  to  tbe  bone»  of  the  fore-arm  and  shank  respectively,  are 
Kfiokcii  of  as  raduiU  or  tif'iti/r,  idiinrc  or  fibntare,  and  intermeaiuvi ; 


iriHilia  or  taraalui  (in  the  narrower 


wbile  the  distal  are  calleti 
sense).   They  arc  counted 
beginning  from  the  prc- 
axial  (rftdial  ur  tibial)  side 
of  the  limb. 

Amphlblani.— The 
anterior  and  posterior 
extremities  of  UnMlela 
are  forme<l  essentially  on 
the  grou  nd  •  plan  ilcscri  bti  1 
above,  but  in<)re  or  fewer 
of  the  carpal.s  or  tarsnU 
may  undergo  fusion.  In 
them,  as  in  Anura,  thi-rt- 
are  five  digit-s  in  the 
hind-timb,  and  usually 
only  four  in  the  foru- 
limb.  In  the  Anum  the 
radius  and  ulna  beconn' 
united,  and  a  HC|tarate 
intermedium  is  not  n- 
cognisable;  the  pnixiiitnl 
row  of  the  tarsn.s,  niorL" 
over,  consists  of  only  twn 
cylindrical  bones,  nni'  of 
which  (tutTaijatiifi)  coiTe- 
sponds  to  a  tibialc,  and 
the  other  (ralnnuiim)  to 
a  fibulare  (Fig.  124). 

In  the  distal  niw  of 
the  carpus  four  seiiamte 
elements  are  formed   in 

Anura,  but  this  number  may  become  nHliiced  owing  to  sccondarj" 
fusion ;  in  rare  cases  a  fifth  carpal  may  also  b<;  present.  Tarsalin 
//  and  ///  are  the  most  constant  elementH,  but  even  the.'*e  may 
undergo  fusion,  and  tarstilia  /Caiid  Fare  generally  represonteil 
by  a  ligament.' 

In  Anum  the  motntirsalH  and  phalanges,  between  which  the 
web  of  the  foot  is  stretched,  ar*;,  like  the  pr'iximal  tarsals,  very 
long  and  slender.     The  femur,  as  well  as  the  fustil  bones  of  the 

'  Very  difTereiit  viewn  &n 
individuAl  ckrp«lH  >ii<1  tanuilH 
nomenclature  are  tliurertin-  [irov 


<ligiU :  /V,  femur  :  ^V,  t)l>uU :  Ml,  meta- 
tamalH  {I — )')  :  I'h,  phntanges ;  T,  tihia  ; 
Tir,  tarxiiH,  conniiitin^  of— r,  centmle ;  f, 
Kl)iilare  ;  i',  iTitcniKHliiiin ;  /,  tihiale  ;  anil 
!-.'>,  ilUUl  tariulia. 
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ahank,  are  alao  exceedingly  long,  in  correlation  with  the  mode  of 
progression  of  these  animals.  The  skeleton  of  the  extremities 
18  more  strongly  ossified  in  Anurans  than  in  Urodeles,  in  which 
many  of  the  elements  remain  cartilaginous. 

Traces  of  an  extra  element  ("prchalliuc")  occur  on  the  tibial 
aide  of  the  tarsus,  and  in  both  Urodeles  and  Anumna  indications 


of  an  additional  pre-axial  ray  in  the  manus  are  occasionally  met 
with.  The  number  of  phalanges  in  the  individual  digits  vanea  in 
different  Amphibians. 

Vestiges  of  the  extremities  can  bo  recognised   externally  in 
embryos  of  the  limbless  Gymnophiona. 


BaptllM. — In  cxiHting  Rf|»tilos  as  n.  gcnrral  nile  the 
body  is  only  slightly  raised  from  the  ground  in  locomotion,  but 
in  some  the  limbs  serve  as  more  highly  oraanised  oi^ans  of 
support,  and  in  certain  of  the  Dinusaiiria  tn<^  hind  limbs  were  the 
main  oi^ns  of  prr^ossion.  The  fori'  limbs  in  auch  cases  tend  to 
take  on  other  functiuim,  and  in  tho  flying  Ptcrusauria  the  fifth 
finger  was  prodnced  into  a  long,  jointed  hnI  which  supported  a 
wing-like  expitnsion  of  the  integument. 

Chelonians,  and  morc  particidarly  Hatteria,  come  nearest  to 
the  Urodeles  in  the  structure  of  the  curpua,'  Five  digits  arc 
usually  present  in  Reptiles  in  both  mnnus  and  pes,  and  trace:*  also 
of  the  former  possession  of  an  extra  ray  both  on  the  radial  and 


Fui.  126.— Carpbs 


H,    Emyiliira   l-rrfflii. 


c',  radial  centrale:  r',  ulnar  uentrale ;  i,  inlermeilium  j  p,  ulnar  ■ei«moi<l 
(pisiform) ;  It,  rodiuH  :  >;  radiate  ;  U,  ulnu  ;  h,  uliiaro  ;  1  —S,  rarpalia  ;  /-  -  V, 
metacarjialii. 

ulnar  side  ("pisifonn")  can  usually  be  recognised  (Figs,  125 — 
130).     The  tibia  an<l  fibula  always  n.-inain  separate. 

In  Lizanis  and  Crocodilis  the  cnriiiis  anil  titrsus  diverge  more 
from  the  primitive  form.  In  the  latter,  which,  like  Aniirans, 
possess  no  trace  of  an  intermedium,  the  proximal  row  of  the 
carpus  con.4ists  of  two  honr-gla.ss-shape<l  bones— a  larger  radiide, 
and  a  smaller  ulnaro  (Fig.  128).  The  centnde,  iw  in  Anura,  comes 
to  be  situated  in  the  di.stal  row,  which,  like  the  fourth  and  fifth 
digits,  is  much  reduced. 

In  Ichthyosaurus  and  l'lcMii>i'aurus  the  limbs  were  modifio<l  to 

'  In  Hatlerin  anil  certain  TheloninnH,  as  well  as  in  l.lic  extini^  PmUiroRauruM, 
a  ilonhle  cenlralc  in  itruBenl  in  the  carpus,  and  mure  or  Imh  diRtinct  Irarex  of  u 
dunlilf  condition  of  Oiis  cltnit'nl  are  wen  in  certain  other  ClieloiiinnH.  Iiidi.ii. 
tiiMiR  L-vi'ii  of  a  thinl  cciitrul«  ocpiir  in  Hattcriu. 
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Fio.  126.— RiOHT  Carpus  op  Emy 
eiirojxta.     From  abuve. 

I,  intermoliiini ;  S,  riuliUH  i  r.i;  fused 
nulialc  and  centrale ;  U,  ulna ;  n, 
ulnare  ;  +  anrt  *,  element*  on  the 
rulial  and  ulnar  sida  respectively, 
indicatianB  of  ndditional  rniliat  and 
ulnar  (puiform^  rays;  1-^5,  the 
carpalia,  of  which  4  and  5  arc 
fused  i  I —  I',  metacarpala. 


Fill.   127.— Left  Carpus  of  Laeeria 

agUia.  From  abuve. 
r,  centrale ;  i,  intermedium ;  R, 
radius  ;  r,  radiale,  formed  by  the 
fusion  of  two  elements,  one  of 
which  (ytrresponda  tu  a  prepoUex  ; 
U,  ulna ;  n,  ulnare ;  +,  pisiforni ; 
1 — fl,  carpalia;  I—V,  the  meta- 
carpale. 


form  paddles ;  tho  radius  and  ulna  were  very  short,  and  there  were 
numerous  phalanges '  (cf.  Ceta<;oa),  additional  rays  being  present 
in  the  former  genua. 

Amongst  the  snake-like  kinds  of  Lizards,  various  degrees  of 


M     u 


Fm.  128.— RiiiHTCARPUaoFA  Younc 
Allignlor  liiriiii.     From  above. 

C,  centrale;  H,  radius;  r,  radiale 
U,  ulna  i  II,  ulnare ;  t,  pinifonn 
1  tu  5,  (he  tlve  carpalia,  as  yet  uti 
ossilied,  of  which  1  and  2,  as  ' 
as  S,  4,  and  !>,  have  l>ecome  fused 
/ — y,  metncarpala. 


ell 


Fic.  129.— Right  TABsna  op  Emgs 

europta.     From  above. 
F,   fibula  ;  (I'l/l'.r,  the   fused   inter- 

inedium(!),   fibiitare,    tibials,    and 

centrale  ;  Pk',  phalanx  of  lat  digit ; 

T,  tihia ;  1—4,  distal  tarsali ;  /—  V, 

metatarsals. 


reduction  of  the  extremities  occur,  and  in  auch  forms  as  Angiiis 

and  Amphisbiena  they  have  practically  disappeared  entirely,  as  in 

'  An  indication  of  this  condition  is  seen  in  the  embryo  Crocodile. 
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most  Snakee.     In  certain   of  the  latter,  howevei,  traces  of  the 
hind  limbs  exist  {e.g.  Python). 

The  tibia  gradually  becomes  of  relatively  greater  size  than  the 
fibula  in  the  reptilian  series.  The  tarsus  always  undergoes  a 
marked  reduction,  especially  in  its  proximal  portion,  and  gradually 
leads  to  the  type  seen  in  Birds.  Tniis  in  Chelonians  and  Lizanb 
{Fi^  129  and  130)  the  proximal  tarsals  may  all  run  together  into 
a  smgle  masa,  which  in  the  former  corresponds  to  tne  tibiale, 
intermedium,  tibularc,  and  centrale.  In  Lizards  a  ccntrale  can 
no  longer  bo  recognised,  even  in  the  embryo,  and  there  is  no  distinct 
trace  of  an  intermedium.  In  the  dist«l  row  three  or  four  scjtaralo 
tarsals  arc  developed,  but  those  may  unite  with  one  another 
to  a  greater  or  less  extent,  and  there  is  an  increasing  tendency 


F,  tibula; 
tibiale.  i 
centrate 


T,  tibia;  l./.i'.'-,  fused 
ntcrnivcliimi,  tibiilare,  anil 
;  t,  trace  of  s  6th  ray 
in  lieckus  ;  3 — 5,  iliatal 
/—  V,  nietatarBals. 


F,  (ibiiU  :  /.  fibiilaru  (cHluaneuni) : 
T,  tibia ;  l,i,r,  Mtragalnt,  corra- 
■|K>n[liiig  to  fusuil  liliiale,  inter- 
nieiliuin,  and  centrale;  1,  '2.  3, 
fuBuil  itit— .Snldiatal  laraala  ;  4,  4t1i 
dialal  tarsal  ;  / — IV,  nietatar*ala  : 
1'!,  iith  tarsal  anil  metatarBal. 


for  the  movement  of  the  foot  to  take  place  by  means  of  an  inki-- 
larml  articulation,  as  in  the  Dinosauna  and  also  in  Birds, 

In  Crocodiles  (Fig.  131)  there  arc  two  bones  in  the  proximal 
row  of  the  tarsus,  one  of  which  corresponds  to  a  tibiale,  inter- 
medium, and  centmie,  the  other  to  a  fibulare.  The  former  is 
spoken  of  as  the  astragahts,  the  latter  as  the  calmncum,  and  on  it 
a  definite  heel  (cnlrancfil  prnfeas)  is  seen  for  the  first  time  in  the 
animal  series.  The  distal  row  consists  originally  of  four  small 
cartilages,  but  thesf  later  undergo  a  partial  fusion. 

Birds. — In  e(.iiMei|U(nce  of  the  fore  limb  of  Binis  having 
become  adapted  for  Hight,  the  manus  loses  its  ])rimitive  character 
and  undergoes  reduction,  while  the  humerus  and  the  bones 
of  the  fore  arm — more  particularly  the  ulna,  as  well  as  the 
entire  pectoral  arch  and  sternum,  are  extraordinarily  develojxxl, 
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the  wings  in  ^od  fliers  being  considerably  longer  than  the  legs, 
which  alone   near   the   entire  weight  of  the  body  when  on  tne 

f  round  (Fig.  132).     In  Cursorial  Birds  (Ratitaj),  however,  the  wing 
as  undergone  regressive  changes  in  connection  with  their  habits. 


^^ 


Fiii.   132.-SKBi.in<iN    OK   THB   Limbs   asd  Tail  (if   a  Oakinatb  Bihd. 
akeleton  of  tba  body  U  indicated  by  dotted  lines.) 

F,  digits!   Fi,   fibula;  HW,   carpus  ;  MF,   taraomeiat«r*uii ;  MR.   oartoonii 
corpiu  ;  OA,  humerus  ;  OS,  femur  ;  Py.  pygostyle  ;  R,  coracoid  :  fla,  ulna 

SfA.  scaiiuU  ; /f^  sternum,  ----  --  ---■-«•  ''"   -  ■-- —       - 


MR.  < 
/gostyle  ;  Jt,  coracoid  ; 
lioel"  {Cr) !  T,  tibiotaraua ;  Ul,  mdins ; 


and  in  the  extinct  Now  Zealand  Moa  (Dinomia)  no  trace  of  it 
has  been  found :  in  Penguins  it  serves  as  a  paddle. 

The  relation  of  the  snperScial  surface  of  the  wings  to  the 
weight  of  the  body  is  far  from  constant,  and  depends  largely  on 
the  relative  power  of  flight ;  on  the  whole,  the  wings  are  relatively 
largest  in  small,  light  Binls  than  in  lai^,  heavy  ones. 
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Id  the  carpus,  at  least  nevcn  clenientH  are  recogniaablc.  In 
the  proximal  row  is  an  intennedio-radiale  and  a  centro-ulnare, 
each  of  which  consists  of  two  parts  in  the  embryo.  In  the  distal 
row  there  are  also  two  elements,  one  of  which  (carpalu  2  +  3)  is 
evidently  primarily  donble ;  the  other  corresponds  to  carpale  4. 
In  early  stages  four  distinct  metacarpals  can  be  seen,  and  these 


fuwcl). 


scein  to  curreupond  to  the  2n<l-5th  rather  than  to  the  lst-4th  :  the 
5th  metacarpal  Hoon  fuses  with  the  4th  (Fig.  133). 

The  dist^  carpals  become  fused  with  the  corresixinding  meta- 
carpals, thus  forming  a  •arjiometanr.rjni.i  fFigs,  1S2,  133),  and  in 
the  adult  only  the  two  proximal  clenientH  remain  semnite  as  a 
mdiale  and  an  uhiare.  Thi-  three  inetjiCiir[M»ls  thomm^lves  become 
united  proxinially.  anil  thi'  wcond  {///)an(i  tliini  (/V)  distally: 
they  only  bear  a  limited  number  of  phalanges  at  their  free  ends. 

Claws  weR'  pn'wnt  on  the  terminal  phalanges  of  all  three 
digits  in  ArchantpWryx  (Fig,  49).  In  certain  recent  adult  Binls 
(fi.g,  Chauna)  the  first  digit  {II)  bears  a  claw,  and  more  n»rely 
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(Ratitae)  the  second  (///),  and  even  the  third  (IV)  also  (e.ff, 
Struthio).  Claws  may  be  present  in  the  young  only  {e.g.  Opistho- 
eomus,  Sterna,  Fig.  133). 

The  tarsus  is  still  more  reduced  in  Birds  than  in  Reptiles,  and 
consists  in  the  embryo  of  three  elements,  two  small  proximal  and 
a  broader  distal,  which  in  many  cases  (e,g.  Penguin)  consists 
primarily  of  four  distinct  pieces.  The  former  (tibiale  and  fibulare) 
unite  later  with  the  distal  end  of  the  tibia,  thus  forming  a  tibiotarsvs, 
while  the  latter,  which  corresponds  to  tarsalia  /  to  V,  becomes 
included  in  the  base  of  the  metatarsus.  Thus  the  foot  of  adult 
Birds  no  longer  possesses  any  distinct  tarsal  elements,  though,  as 
in  Chelonians  and  Lizards,  it  really  moves  by  an  intertarsal 
articulation.  Of  the  original  five  metatarsals,  the  fifth  soon  dis- 
appears, while  the  second,  third,  and  fourth  become  united  with 
one  another  and  with  the  distal  element  of  the  tarsus  to  form  a 
single  bone,  the  tarsnmetatarstcs  (Fig.  132),  grooves  at  the  ends 
of  which  indicate  its  compound  nature,  which  is  especially  well 
seen  in  Penguins.  The  first  metatarsal  remains  to  a  greater 
or  less  extent  independent. 

The  number  of  toes  varies  between  two  (Struthio)  and  four : 
that  of  the  phalanges  is  normally  2,  3,  4,  5,  reckoning  from  the 
first  to  the  fourth  digit.  The  tibia,  even  from  the  first,  greatly 
exceeds  the  splint-like  fibula  in  size,  and  the  two  bones  become 
united  distally.^ 

Mammals. — In  Mammals  the  anterior  extremity  either 
remains  in  the  condition  of  a  simple  organ  of  locomotion,  serving 
for  progression  on  land,  or  it  may  give  rise  to  a  digging  or  a 
prehensile  organ ;  or,  again,  may  become  modified  in  adaptation  to 
an  aerial  (Bats)  or  aquatic  (Pinnipedia,  Cetacea,  Sirenia)  mode 
of  life. 

The  humenis,  which  may  possess  a  supracondyloid  foramen  near 
its  distal  end,  is  variously  modified  as  regards  form  and  relative 
length  and  the  presence  of  ridges  and  elevations  for  the  insertion 
of  muscles ;  and  the  same  is  true  as  regards  the  femur  and  its 
ridges  or  trochanters. 

The  tibia  is  the  more  important  bone  of  the  shank,  and 
the  fibula  often  becomes  united  with  it  to  a  greater  or  less 
extent  distally  and  sometimes  proximally  also,  usually  taking 
no  part  in  the  knee  joint.  The  two  shank-bones  lie  parallel, 
and  are  at  most  very  slightly  movable  on  one  another  {e,g, 
climbing  Marsupials).  The  fibula  never  disai)pear8  entirely, 
but  in  some  cases  (Bats,  Ruminants)  only  its  distal  end  is 
recognisable  as  the  lateral  (external)  malleolus. 

The  radius  and  ulna  are  connected  with  the  humerus  by  a 
hinge-joint  at  the  elbow,  only  allowing  movement  in  one  plane, 
and  primarily  their  relations  to  one  another  are  similar  to  those 
of  the  tibia  and  fibula.     This  is  the  case  in  Monotremes  and  in 

*  For  the  pnoutnatic  character  of  Birds'  bones,  cf.  under  Air-sacs, 
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all  Mammals  in  which  the  radius  is  fixed  in  a  position  of  pronation 
(vide  infra).  In  certain  Mammals  —  more  particularly  the 
Primates,  in  which  the  fore  limb  is  prehensile,  the  bones  of  the 
forearm,  instead  of  being  firmly  connected  together,  articulate 
with  one  another,  the  distal  end  of  the  radius  oeing  capable  ot 
rotation  round  the  ulna.  When  the  two  bones  lie  parallel  and  the 
wrist  is  not  bent,  the  palmar  surface  of  the  manus  looks  inwards, 
and  when  rotated  on  one  another  towards  the  body,  backwards :  the 
fonner  position  is  spoken  of  as  that  of  supination,  the  latter  that 
of  jrrcmation.  Indications  of  these  movements  are  seen  even  in 
climbing  Marsupials.*  The  radius  is  the  more  important  in 
supportmg  the  hand,  while  the  ulna  forms  the  chief  connection 
with  the  humerus.  The  ulna  extends  proximal ly  beyond  the 
elbow  joint  as  the  olecranon,  on  which  the  extensor  muscles  are 
inserted.  The  ulna  may  undergo  more  or  less  reduction  and  fusion 
with  the  radius,  so  that  in  some  cases  only  the  olecranon  is 
distinguishable. 

In  addition  to  the  power  of  rotation  of  the  forearm,  the 
Prosimii  and  Primates  proper  are  characterised  by  a  higher 
differentiation  of  the  first  finger  (pollex),  which  becomes  more 
independent  and  is  cajmble,  not  only  of  abduction  and  adduction, 
but  also  of  being  brought  into  opposition  with  the  palm  of  the 
hand  to  a  greater  or  less  extent.  As  reganls  the  pes,  the  hallux 
even  in  Marsupials  may  be  opposable,  but  never  as  markedly  so 
as  in  Lemurs  and  Monkeys,  which  are  often  spoken  of  as 
Quadrumana.^ 

A  brief  account  of  the  mammalian  carpus  and  tarsus  must 
suffice  in  this  place,  jis  considemble  differences  exist  in  the  various 
groups,  and  there  is  no  consensus  of  opinion  as  regards  the 
homologies  of  the  various  comjwDnents. 

The  carpus  and  tarsus  most  nearly  correspond  with  those  of 
Unxleles,  Hatteria  and  Chelonians.     Primarily  the  centrale  can  be 

^  The  rotation  of  the  racliua  on  the  uhia  has  doubtleHH  come  about  largely 
owine  to  the  gradual  increased  differentiation  of  the  muscles  during  phylogeny  ; 
hut  this  does  not  sufticiently  account  for  the  different  relative  positions  of  the 
two  bones  of  the  fore-arm  and  shank  re8i)ectively.  The  tibia  lies  on  the  inner 
si<le  of  the  shank,  while  the  corresponding  l>one  of  the  fore-arm,  the  radius, 
owing  to  secondary  shifting,  is  external  when  in  the  position  of  supination.  The 
reason  of  this  cannot  l>c  due  to  a  rotation  of  the  distal  end  of  the  humerus,  for 
even  in  Amphibians  the  same  conditions  are  plainly  seen.  The  crossing  of  rarlius 
and  ulna  has  rather  resulted  in  consequence  of  the  manus  becoming  rotated  in 
a  contrary  direction  to  that  of  the  limb  as  a  whole  as  it  extends  inwards  towards 
the  Ixxly  in  order  to  act  as  a  support  for  the  latter.  Consecjuentlv,  the  originally 
parallel  position  of  the  two  bones  of  the  forearm  is  not  retaine<1,  as  it  is  in  the 
case  of  those  of  the  shank,  in  which  the  rotation  follows  the  same  direction  as 
that  of  the  entire  limb. 

*'*  In  the  Marmosets  (.Arctopithecini)  the  thumb  is  not  opposable,  and  the 
oppasable  hallux  is  the  only  digit  which  bears  a  flat  nail,  all  tlie  others  having 
claws.  In  Ateles  the  pollex  is  vestigial  and  i>osseHse8  only  a  single  small  phalanx, 
while  in  Colobus  it  may  even  be  wanting.  In  consequence  of  the  erect  position 
of  Man,  and  of  the  f(X)t  l»eing  used  merely  as  an  organ  of  sup|K)rt  and  l«Kro- 
IDotion,  tlie  prehensile  cbi^racter  of  the  pes  has  Income  lost. 
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recognised  as  a  typical  element  in  all  pentadactyle  Mammals ;  but 
as  a  rule  it  later  becomes  fused  with  one,  or  even  with  two,  of  the 
neighbouring  carpals — generally  with  the  radiale,  less  frequently 
with  carpale  2  or  3.  Occasionally  indications  of  a  second  centrale 
are  seen,  which  usually  fuses  with  the .  intermedium  (Homo). 
Similar  fusion  and  shifting  in  relative  position  may  also  occur 
in  other  carpals  and  tarsals  {e,g.  radiale  and  intermedium). 
The  "pisiform"  corresponds  to  an  additional  ulnar  ray,  and  not 
to  a  sesamoid. 

In  the  tarsus  the  centrale  {navioidar)  is  retained,  and  is  usually 
situated  on  the  inner  (tibial)  border :  it  may  be  primarily  double. 
The  astragalus  possibly  corresponds  to  the  tibiale  and  intermedium, 
and  the  calcaneum  to  the  fibulare,  while  the  cuboid  represents 
tarsalia  4  and  5. 

Traces  of  a  "  prepollex  "  and  "  prehallux "  are  present  in  all 
pentadacyle  Mammals,  especially  in  lower  forms,  in  which  they  may 
each  consist  of  two  or  more  elements:  in  the  higher  Mammals 
there  is  never  more  than  one  such  bone,  which  usually  becomes 
fused  with  its  neighbours.^ 

There  are  typically  five  complete  digits  on  each  foot,  but  this 
number  may  be  reduced,  the  disappearance  taking  place  in  the 
following  order, — 1, 5, 2, 4  :  thus  in  the  Horse  the  thin!  is  the  only 
complete  digit  remaining  (Fig.  134).  The  number  of  phalanges 
is  similar  in  both  hand  and  foot :  in  the  first  digit  there  are  only 
two,  while  in  the  others  there  are  three.  An  exception  to  this 
rule  is  seen  in  Cetacea,  in  which  the  phalanges  are  numerous. 
The  short  humerus  is  enclosed  in  the  body-wall  in  Toothed 
Whales,  which  possess  five  digits,  the  fourth  of  which  commonly 
bifurcates  in  the  embryo;  Whalebone- Whales  possess  only  four 
digits. 

It  is  interesting  to  trace  the  reduction  which  has  taken  place 
in  the  feet  of  the  true  Ungulates  in  the  course  of  time.  This 
order  has  been  undoubtedly  derived  from  that  of  the  Camivora, 
the  fossil  Condylarthra  from  the  American  Eocene  and  the  tri- 
tubercular  Creodonta  from  the  Cretaceous  forming  connecting 
links  between  the  two.  In  the  Eocene,  the  Ungulata  vera 
diverged  into  two  groups,  the  Perissodactyla  (Tapir,  Rhinoceros, 
Horse)  and  Artiodactyla  (Pigs,  Hippopotiami,  Ruminants).  In 
Fig.  134  sketches  of  the  stages  in  the  phylogenetic  development 
of  the  fore-foot  of  the.  Horse  are  given,  showing  how  it  has  been 
gradually  derived  from  a  tetradactyle  form :  the  embryo  passes 
through  these  stages  in  the  course  of  its  development.  While  in 
this  case   the  third    digit   becomes   greatly   enlarged    relatively 

^  Different  views  have  been  expressed  as  to  the  morphological  nature  of  the 
prepollex  and  prehallux,  wliich  in  consequence  of  functional  adaptation  may 
unclergo  further  development  in  some  Mammals  {e.g.  Talpa).  It  is  not  possible 
in  all  cases  to  make  a  satisfactory  comparison  between  individual  elements  of 
the  carpus  and  tarsus,  or  to  homologise  the  so-called  **  accessory  elements.*' 
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{ptrmodaciyle  form)}  and  eventually  is  the  only   complete  one 
remaining,  in  cloven-footed  Ungulates  the  third  and  fourth  digits 
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Fk;.  134. — F<»KK-KO<)T  ok  Am'Kmtral  Forms  ok  thk  Horsk.  I.  ORouirpus 
(Eocene).  *2.  Wksohiimts  (UpiHT  Kot5ene).  3.  Mioiiirpus  (Miocene). 
4.  Protohhtits  (Upper  Pliocene).  5.  Pliohipits  (UppermoHt  Pliocene). 
6.  EgiTVS. 

are  both  functional  and  equally  strongly  developed  {artiodactyle 
fvmiy  Fig.  135) ;  their  metacari^ils  may  be  united  with  one 
another  and  with  the  vestiges  of 
the  proximal  ends  of  the  second 
and  fifth  to  form  a  "ciinnon- 
bone,"  while  the  other  digits  are 
gradually  reduced.  A  similar  re- 
duction takes  place  in  the  hind- 
foot,  and  is  here  as  a  rule  more 
rapid. 

The  Protungulata  must  origin- 
ally have  been  pentadactyle  and 
plantigrade  (ix.  the  whi>le  foot 
reste<l  on  the  ground)  or  semi- 
plantigrade,  with  ungual  phal- 
anges but  little  broadened.  On 
the  gradual  elongation  and 
straightening  out  of  the  limbs 
and  unequal  development  of  the 
digits,  they  become  digit  i grade 
(as  in  most  Carnivora),  and 
eventually  nngnligrade,  only  the 
hoofs  at  the  extremity  of  the 
distal  phalanges  bearing  the 
weight  of  the  body. 

The  Tylopoda,  as  well  as  Ele- 


D 
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phants  (Subungulata)  have   not  Fiori3.>.  -Skklkton   of   thk   Lkft 
reache<l    the  unguligrade  stage:  Fork-limu  ok  A,  Pn; ;   B,  Hyo- 

they  are  pmctirally  digitigrade,  a  M(»srnr« ;  r,  Tkkuvi.v^  ;  7>,  Rck- 

large  intogunuuitary  pad  or  sole         ^p,,.,,,  imi,  aftcMMiamKl.) 
(ef  Fig.  24),  from  which  the  small 

"  hoofs"  project,  hearing  the  main  weight  of  the  body  (Fig.  180). 
Some  of  the  many  otiier  adaptive  modifications  of  the  limbs  in 

*  The  Tapir  has  four  digits  on  the  fore-foot  and  three  on  the  hind-foot ;  the 
RhinocM.u*08  hoH  three  on  e^-h  foot, 
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Mammals  must  also  be  briefly  mentioned.  It3  Bats,  the  phalanges 
are  greatly  elongated  to  support  the  wing-membrane ;  the  fore 
limbs  are  modified  for  digging  in  certain  Mammals  (e.ff.  Echidna. 
Mole);  and  in  the  Cetiicea  (cf.  p.  170)  and  Sirenia  the  digits  arc 
not  free,  and  serve  as  supports 
for  the  fln-Iike  paddles.  Hind 
limbs  are  absent  in  the  two  last- 
mentioned  orders  (cf.  p.  155), 
but  indications  of  them  can  be 
seen  even  externally  in  very 
young  einbryiis  of  the  Porpoise. 
In  the  leaping  Jerboa  (Dipus), 
the  metatarsal  are  much  elon- 
gated and  may  even  become 
ikylosed  as  in  Birds. 
A  bony  knee-cap  or  jialdla, 
such  as  occurs  in  certain  Lizards 
{t  g  \  aranus)  and  in  Birds,  is 
present  in  most  Mammals,  being 
wantmg  only  in  Cetacea,  Sirenia, 
Cheiroptera,  and  some  Marsu- 
pialia  It  has  no  genetic  con- 
nection with  the  bones  of  the 
'  thigh  and  shank,  and  so  is  in  no 
way  comparable  with  the  oleo- 
cranon  of  the  ulna,  as  was 
formerlj  supposed.  It  is  a  true 
sesamoid  bone,  such  as  occurs  in 
,  i,,  '  ""^ngly  de  connection  with  many  of  the 
.'Kp'hAr.f :t:„S,  ■"<l"'d"«l  j»inte  of  the  digil., 
which  has  arisen  in  the  tendon 
of  the  quadriceps  fenioris  muscle  in  consequence  of  the  friction 
between  this  tendon  and  the  condyle  of  the  femur. 


-  LoMUTUniN  ti        Sutii 

TUB  Maius  of  the  Llai 
{  4it  Aeuin)      (After  M   Weber  ) 

metaoirpal  2  3  4  phalanges  >  so 
catlel  hoof  6  hnrn>  part  oF  sole 
T    cushion  colnpoaetl  of  elastlL  i 
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The  muscles,  commonly  spoken  of  as  *'  flesh,"  may  be  divided 
into  two  groups,  according  to  the  histological  character  of  their 
elements,  which  consist  of  cells  elongated  to  form  contractile 
fibres  :  namely,  into  those  with  smooth  and  those  with  transversely- 
striated  fibres.  The  former  are  phylogenetically  the  older,  and  are 
to  be  looked  upon  as  the  precursors  of  the  latter.  The  action  of 
both  in  causing  movements  is  dependent  on  the  nervous  system,  a 
nerve  entering  each  muscle  at  a  definite  point. 

The  smooth  or  involuntary  muscle-fibres  preponderate  in  the 
viscera,  derm,  and  vessels,  and  are  not  under  the  control  of  the 
"will ;  the  striated  muscles  occur  chiefly  in  the  body-walls  and 
organs  of  locomotion,  and  are  almost  without  exception  under  the 
control  of  the  will  (voluntaiy  muscles).^  The  following  general 
statements  refer  exclusively  to  the  latter  kind  of  muscles,  which 
may,  according  to  their  mode  of  development,  be  arranged  in  the 
following  groups : — 

'a.  M'iLScles  of  the  trunk,  including  the 
coracohyoid  of  Fishes  (  =  sterno- 
hyoid) and  its  derivatives  in 
higher  Vertebrates :  these  repre- 
sent the  oldest  and  most  primitive 
part  of  the  muscular  system. 

h.  Muscles  of  the  diaphragm. 

c.  Muscles  of  the  extremit.ies. 

d.  £ye-muscles. 

II.  Visceral  muscles,  de-  (Cranial  mitscles,  with  the  exception 
rived  from  the  lateral  -j  of  those  included  under  a  and  d 
plates  of  the  mesoderm.  {       above. 

In  its  simplest  form  an  oHgin,  a  belly,  and  an  insertiony  may  be 
distinguished  in  each  muscle.     The  muscles  of  the  trunk  are  as  a 

'  Exceptions  aro  seen  in  the  muscles  characteristic  of  the  heart,  and  in 
those  of  tlie  alimentary  canal  in  the  Tench.  More  or  less  of  the  anterior  part 
of  the  digestive  canal  may  contain  striated  fibres  in  various  Vertebrates. 


I.  Parietal    muscles    de- 
rived   from    the   meso-^ 
dermic  somites. 


COMPARATIVE  ANATOMY 


MUSCULAR  SYSTEM  175 

Fi(i.  137.— A— C.     (AftcrP.  BuftU.) 

A,  Diagram  showing  the  various  phases  in  the  movement  of  the  scutes  in  Snakes. 
a  and  h,  two  consecutive  scutes ;  r,  the  intervening  integument  ;  f/,  fixed 
point  at  free  margin  of  scute  ;  e,  distance  along  which  the  scute  a  is  moved  ; 
.4,  resting  stage ;  B^  stage  in  which  a  is  raised  and  in  which  there  is  the 
greatest  forward  extension  of  the  skin  (r),  while  the  free  margin  of  the  scute 
catches  auainst  the  ground  ;  C,  stage  in  which  the  scute  a  again  takes  on  a 
horizontal  position,  the  skin  (c)  shows  the  greatest  hackwanl  extension,  and 
the  scut«  h  is  moved  forwards  alon^  the  distancKj  e. 

13,  Semi-(liagrammatic  figure  of  a  longitmlinal  section  through  the  ventral  and 
lateral  parts  of  the  skin  of  TropulonotuH  mUriXy  and  of  the  costo-cutaneous 
muscles  in  connection  with  the  rib.  r,  rib  ;  cciy  r.cs^  inferior  and  superior 
costo-cutaneous  muscle  ;  m.c.t,  intrinsic  musculature  of  the  skin  ;  >i.{/,  longi- 
tudinal sections  of  ventral  scutes  ;  4./,  transverse  sections  of  lateral  sout^  ; 
1',  vertebra. 

(^,  Iimer  side  of  part  of  the  ventral  integument  of  TropUlonottiH  natrix.  The 
intrinsic  muscles  of  the  skin  are  not  indicated,  r,  a  pair  of  ribs  with  the 
(?orrespondintf  inferior  {r.c.f)  and  superior  {c.c.s)  costo-cutaneous  muscles  : 
/?,  free  raise*!  border  of  the  ventral  (v.</)  and  r  of  the  lateral  (h.I)  scutes. 

rule  flat,  while  those  of  the  extremities  have  usually  an  elongated^ 
cylindrical,  or  prismatic  form.  In  some  cases,  however,  they  assume 
the  most  varied  shapes;  for  instance,  there  may  be  more  than 
one  origin  (bicipital,  tricipittU,  or  quadricipital  forms),  the  belly 
may  be  double  (biventml  or  digastric  fonn),  or  the  muscle  may 
be  saw-shaped,  or  have  its  fibres  arranged  in  a  single  or  double 
series  like  the  barbs  of  a  feather. 

Most  of  the  muscles  are  sei)arated  by  fibrous  sheaths,  or  fascicCf 
and  may  be  continuous  with  tendons  for  connecting  the  muscles  to 
the  skeleton,  or  with  flattened  membranous  expansions  (apone^croses). 
Wherever  marked  friction  (xicurs,  ossifications  {sesamoids)  may  be 
developed  in  the  course  of  a  muscle  or  tendon. 

The  differentiation  of  independent  muscles  may  take  place — 

( 1 )  by  the  stijwiration  of  the  originally  single  muscle  into  proximal 
and   distal  parts  by  the  formation  of  an   intermediate  tendon; 

(2)  by  the  splitting  of  a  muscular  mass  into  layers;  (3)  by  a 
longitudinal  splitting;  or  (4)  by  a  fusion  of  primarily  distinct 
muscles.  A  muscle  may  undergo  very  considerable  modification 
both  in  form  and  position  by  a  change  of  origin  and  insertion  ; 
and  when  the  action  of  a  muscle  becomes  unnecessary,  it  either 
disappears,  or  what  remains  of  it  contributes  to  the  strengthening 
of  a  neighbouring  muscle. 

The  most  imjKirtant  point  in  determining  the  morjAological. 
value  of  a  nmscle  is  its  nerve-supply  ;  but  other  factors  must  also 
be  taken  into  consideration — e,g,  the  homologies  of  the  parts  of 
the  skeleton,  and  the  relative  positions  of  the  neighbouring  parts. 


Integumentary  Muscles. 

While  most  muscles  have  intimate  relations  to  the  skeleton, 
which  usually  forms  their  points  of  origin  and  insertion  and  on 
which  they  act  directly,  certain  others  are  found  in  the  derm  or 
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subdermal  connective  tissue,  in  which  they  end  and  usually  also 
arise :  these  are  known  as  integumentary  imcscleSy  the  first  traces  of 
which  are  seen  in  the  Anura.  Their  relations  to  the  integument 
have  apparently  been  acquired  secondarily,  and  they  are  to  be 
looked  upon,  at  any  rate  in  the  Amniota,  as  originating  from  true 
skeletal  muscles:  this  is  most  plainly  indicated  in  Monotremes 
(Fig.  138),  in  which  there  is  a  close  connection  between  the 
epidermic  exoskeleton  and  marsupial  and  mammary  apparatus  on 
tne  one  hand,  and  the  integumentary  musculature  on  the  other.^ 

Apart  from  the  cutaneous  striated  muscles  of  the  trunk  and 
limbs,  an  apparatus  composed  of  smooth  muscle-fibres  is  present 
in  Urodeles,  and  is  more  highly  developed  in  Reptiles,  in  connection 
with  the  nostrils,  serving  as  dilators  and  constrictors.  In  Anurans 
these  muscles  have  become  reduced,  and  play  only  a  subsidiary 
part,  the  movements  of  the  alinasal  cartilages  here  depending  upon 
those  of  the  lower  jaw,  which  presses  upon  the  movable  pre- 
maxillae  and  thus  effect  the  closing  of  the  nostrils :  their  opening 
is  due  essentially  to  the  elasticity  of  the  parts.  The  only  other 
integumentary  muscles  amongst  the  Anura,  apart  from  a  superior 
labial  muscle  composed  of  smooth  elements,  are  certain  bands  in 
the  regions  of  the  trunk  (cutaiieus  2^cetoriSf  c,  ahdoviinh)  and 
thigh  {gracilis  minor),  and  these  are  only  present  in  the  higher 
forms. 

In  the  Sauropsida  the  integumentary  muscles  play  a  great  part 
owing  to  their  relations  to  the  scutes,  scales,  and  feathers;  and 
those  of  Snakes  will  now  be  briefly  dealt  with  as  an  example. 

Considerable  variations  in  arrangement,  form,  and  insertion  of 
the  integumentary  muscles  occur  amongst  the  Ophidia.  These 
differences  depend  mainly  on  the  number,  form,  and  arrangement 
of  the  ventral  and  lateral  scales  or  scutes,  and  on  the  manner  in 
which  they  are  utilised  in  locomotion  according  to  the  habits  of 
the  snake  in  question.  The  muscles  of  the  skin  are  most  markedly 
developed  in  those  snakes  which  can  creep  rapidly  over  the  ground 
or  burrow  under  it,  and  in  which,  by  erection  of  the  ventral  scutes, 
firm  points  of  contact  are  formed  between  the  hinder  edges  of 
the  latter  and  the  gi-ound,  so  that  the  body  can  be  pulled  or  pushed 
forwards  (Fig.  137,  a). 

The  muscles  extending  from  the  ribs  to  the  scutes  also  aid  in 
progression ;  they  serve  to  throw  the  body  into  curves  and  to 
straighten  it,  to  draw  it  forwards  over  the  integument,  and  con- 
versely to  move  the  integument  forwards  ventrally  and  laterally 
over  the  body,  thus  aiding  in  giving  the  scutes  a  firm  hold  on 
the  ground  (Fig.  137,  B,  c). 

The  integumentary  musculature  reaches  its  greatest  develop- 

1  It  is,  however,  held  by  some  Morphologists  that  the  integumentary  muscles 
of  Keptiles  and  Mammals  are  derivatives  of  a  superficial  part  of  the  lateral 
muscles  of  Fishes  and  Amphibians :  in  certain  Anurans,  Lizards,  and  Snakes, 
relations  between  the  integument  and  the  rectus  and  superficial  external  oblique 
certainly  exist. 
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ment  in  Mammab,  nnd  exhibits  miinerous  modifications  in  passing 
from  MonotreniCB  to  Man.  In  lower  forms  (Monotrcmea,  Fig.  1S8, 
as  well  as,  e.g.  Dasypiis,  Centctes,  Erinaceus,  Pinnipeilia,  &c.), 
it  extends  over  the  trunk  and  limbs  {jmnnicftdus  cm'v-nsus),  while 
in  Primates  it  becomes  reduced,  and  confined  essentially  to  the 
neck  (jj/(tli/snia  wyoiiUn)  and  head  (mimetic  muscles):  these 
innscles  are  closely  related  goneticallj-,  and  are  all  supplied  by  the 
facial  nerve.  Two  layers  can  be  distinguished  in  the  platysnia 
{Figs.  138  and  130),  the  more  snperficial  of  which  has  an  oblique 
or  longitudinal  direction,  while  the  deeper  layer  {spktnclcr  rolli)  is 
circular:  the  two  layers  together  conespond  to  the  sphincter  colli 
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of  the  Sauropsida.  They  are  continued  on  to  the  head,  and  there 
give  rise  to  a  number  of  new  muscles  which  are  mainly  grouped 
around  the  eye,  mouth,  nose,  and  ear  (Fig.  139).  These  mimetic 
muscles  are  most  highly  differentiated  in  Man,  but  at  the  same 
time  reduction  or  tendinous  transformation  of  certain  of  them 
takes  place,  and  sonic  disappear  entirely. 

The  action  of  the  integumentary  muscles  is  very  varied  in 
different  Vertebrates.  It  may  serve  to  roll  up  the  body  into  a  ball 
(f.ff.  Hedgehog.  Armadillo),  or  aid  in  the  movements  of  the  limbs 
and  tail  in  swimming  (e.if.  Omithorhynehus),  or  .serve  to  erect  the 
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integiiTiientary  Rpinea  (e.y.  Ek:hidim) ;  or  may  cause  local  inovenienta 
("  twitching  ")  of  the  akin  (many  Maiiimak). 


Parietal  Uutcln. 

A.  Muscles   of  the    Truiik. 

In  Amphiozut  the  body  musclea  arc  made  up  or  a  series  (60  or 
more)  of  lateral  iiiitsciilar  segments  or  vtymieres  sepamted  by 
>  -shaped  conncctive-tissiie  Hcpta  or  myneimimas,  between  which 
the  fibres  run  longitudinally.     The  myomeres  have  an  alternating 
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',  citcruftl  ccralohyoid  muscle ;  Cph,  cervical  origin  of  the  conntrittot  of  the 
pharynx  ;  Cu,  cuculIariH :  D,  ilonml,  and  V,  ventnl  portion  of  caudal 
niuicles  1  />!/,  digastric  ;  Da,  UorBaliH  Hcapuln' ;  LU  lateral  line  ;  Lt,  lutissimus 
diirai  ;  Li;  levator  arciium  branchialium  ;  ttt.  levator  branchiarum  :  Jfa, 
masHcter ;  Mc,  myucnniniiu  between  tho  myomeren  of  the  <1onial  portion  of 
the  lateral  iiiuHoleH  \  Mh\  mylohyoid  (poxterior  portion) ;  0,  auperticial 
layer  o[  the  external  oblii|iie  inuavle,  arining  from  llie  lateral  line,  and  ex- 
tendinj;  to  the  fascia,  F;  at  *  a  piece  of  this  hyer  in  removed,  exposing  the 
deeper  layer  of  this  muscle  (fM) ;  at  lie  the  nhlique  fibres  of  the  latter  paaa 
into  lonotudinol  fibres,  indioating  thu  beginning  of  tlie  dtRerontiation  of  a 
rectus  ablominis ;  at  Jit'  the  rectus-Rvntem  it  seen  paHsing  to  the  visceral 
skeleltm  ;  I'h,  procoraco-humeralis  ;  nM,  dorsal  portion  of  Tat«nkl  muscles  of 
the  trunk  ;  SIS,  siiproscapula  ;  T,  (emporal  muscle  ;  7^,  thymus. 


arrangement   on   the   two  aides.     On  the  ventral   region  of  the 
antenor  two-thirds  of  the  body  is  a  thin  transverse  sheet  of  fibres. 

In  FiitaM  the  myomeres  and  myocommas,  arising  exclusively 
from  the  niosodoriiiic  Hoiiiites  (p.  !>),  have  a  zigzag  arrangoinont  on 
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eithersidc  of  the  body,  each  of  the  former  consisting,  in  its  simplest 
condition,  of  dorsal  and  ventral  portions,  separated  from  one  another 


Fin.   141. ^Tbe  McsccuTrRE 


i\   (AxoLon.).     Ventral 


AM,  kdilnctor  arcnmn  braochuliam  ;  C,  constrictor  arcuDin  hnnchiftlinni :  Cl-h, 
coracobrachialia  brevia ;  Ce,  Ci,  Ci',  external  and  internal  ceratohyoid  :  the 
former  is  inserted  on  to  the  hvoid  {tfj));  Clo,  cloaca;  CfA,  portion  of  the 
constrictor  of  the  pharyni,  aruiag  from  the  posterior  lo-ancbial  arch  ;  Dp, 
(leprtasores  brancfaiarum  :  Gh,  geniohyoid  ;  La,  linea  alba ;  llh,  JfA', 
anterior  and  ponterior  portions  of  the  mvlohvoid,  which  is  cut  tbrongb  iu 
the  middle  line,  and  removed  on  the  left  side,  so  as  to  ihow  the  proper 
viicenl  munciilatare ;  O,  superficial  layer  of  the  external  obliqne,  paminK 
inio  the  fawia,  which  is  shown  cut  tlirvagh  at  F ;  Oh,  aecraid  layer  of 
the  fame  muscle  ;  Ph,  clavicula-humeraUs  :  Sfir,  Bupiscoracoideus ;  Rr,  rectus 
athluininis,  passing  into  the  visceral  musculature  (st«nioh}-(Hd)  at  Rt^,  and 
into  the  pectoralis  major  at  P. 
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by  a  connective  tissue  septum  extending  from  the  axial  skeleton 
to  the  integument  at  the  region  of  the  "  lateral  line  "  ^  (cf.  Fig.  140). 
The  myomeres  meet  together  in  the  mid-dorsal  and  mid-ventml 
lines,  and  constitute  the  great  lateral  muscles  of  the  trunk. 

This  primitive  metameric  arrangement  of  the  lateral  muscles  of 
the  trunk  forms  a  characteristic  feature  in  Vertebrates,  and  stands 
in  close  relation  with  the  segmentation  of  the  axial  skeleton  and 
spinal  nerves,  the  number  of  vertebral  segments  and  pairs  of 
nerves  corresponding  primitively  to  that  of  the  myomeres. 

The  lateral  muscles  largely  retain  their  primitive  relations  in 
Fishes,  but  on  the  ventral  side  of  the  trunk,  where  they  enclose 
the  body-cavity,  certain  differentiations  occur  which  indicate  the 
formation  of  the  recti  and  obliqui  abdominis  of  higher  tyj)es.  The 
dorsal  portions  of  these  parietal  muscles,  as  well  as  the  ventral 
portions  in  the  ciiudal  region,  retain  a  more  primitive  condition. 

Amphibians. — InUnxleles  (Figs.  140  and  14>\)  pHmniy  ixnd 
secondary  ventral  trunk-muscles  can  be  distinguished,  and  both  of 
these  groups,  like  the  dorsal  muscles,  are  segmented.  The  former 
consist^  of  internal  obliques,  arising  directly  from  the  muscle-plate 
of  the  somite,  and  of  external  ohliqnes  developed  from  the  ventral 
bonier  of  the  myomeres ;  the  obliqui  towards  the  ventral  middle 
line  are  connected  with  the  re-ctus  abdominis. 

The  secondary  muscles  arise  bydelamination  from  the  primary, 
and  give  rise  to  a  superficial  eHernal  cb/iqnCy  a  superficial  rectus,  a 
transversal  is,  and  a  sulvertcbralis.  These,  however,  only  attain  im- 
portance in  caducibranchiate  forms,  in  which  they  become  marked 
during  metamorphosis,  and  the  primary  musculature  then  under- 
goes more  or  less  reduction.  Thus  various  conditions  of  the  ventral 
musculature  are  found  amongst  Urodeles. 

In  the  broad -bodied  Anura,  <m  the  other  hand,  both  primary 
and  secondary  muscles  present  a  marked  uniformity  and  relative 
simplicity ;  in  the  adult  they  give  rise  to  a  segmented  rectus,  in 
|)art  passing  into  a  sternohyoid,  a  non-segmented  obliquus  extenius, 
and  a  transversal  is,  as  well  as  to  a  cutaneus  abdominis  derived 
from  the  external  oblique.  No  trace  of  an  internal  oblique  can  be 
seen  in  the  adult. 

Reptiles. — In  Reptiles,  the  lateral  muscles  of  the  trunk  attain 
a  much  higher  grade  of  development.  This  is  to  be  accounted  for 
by  the  more  perfect  condition  of  the  skeleton,  more  especially  of 
the  ribs  and  pectoral  arch.  The  ribs  and  intercostal  muscles  now 
play  an  important  part  in  respimtion,  and  changes,  necessitated  by 
the  higher  development  of  the  lungs,  are  thus  brought  about. 

*  This  septum  is  not  present  in  Myxinoids,  and  is  absent  in  Petromyzon  and 
Lepidosteus  posteriorly  to  the  gills. 
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The  ventral  muscles  of  Reptiles  represent  the  primary  Jis  well 
as  the  secondary  muscles  of  Amphibians,  though  differing  in  their 
further  development,  in  consequence  of  which  and  of  the  course 
taken  by  the  nerves,  relations  of  the  parts  are  seen  which  lead  up 
to  the  condition  occurring  in  Mammals.  The  primitive  segmen- 
tation may  be  retained  or  more  or  less  completely  lost,  in  which 
latter  case  the  muscles  in  question  run  together  to  form  broad 
plates. 

The  distinction  between  thoracic  and  abdominal  regions  becomes 
gradually  more  plainly  marked,  and,  in  addition  to  the  four 
muscular  layers  present  in  Amphibians,  well-marked  exUimal  and 
internal  intercostal  muscles  are  present :  these  are  homologous  with 
the  primary  abdominal  muscles  of  the  last-named  Order,  as  are  also 
the  ohliquus  profundus  (belonging  to  the  system  of  the  internal 
intercostals)  and  the  median,  deep  rectus  abdominis,  A  transversal^ 
is  present  except  in  Snakes.  A  subvertebralis  extends  from  rib  to 
rib,  but  is  wanting  in  the  lumbar  region.  A  qiuulratus  lumborinn 
(lumbar  portion  of  the  intercostalis)  appears  first  in  Reptiles,  and 
from  it  a  psoas  major  and  psoas  minor  may  become  differentiated. 

The  rectus  muscle,  which  in  Amphibia  extends  anteriorly  to 
the  pectoral  arch  and  is  in  part  continuous  with  the  neck  muscles, 
is  in  Reptiles  interrupted  at  the  sternum,  so  that  pre-  and  post- 
sternal  portions  can  be  distinguished.  The  rectus  abdominis  is 
always  well  developed,  and  may  consist  of  a  segmented  median  and 
of  unsegmented  lateral  portions :  it  is  not  strictly  comparable  to 
that  of  Urodeles,  and  the  pyramidalis  does  not  correspond  to  the 
like-named  muscle  of  Mammals. 

While  no  important  differentiation  is  noticeable  in  the  dorsal 
portion  of  the  lateral  body-muscles  in  Urodeles,  a  marked  sub- 
division of  these  muscles  is  seen  in  Reptiles.  In  them  may  be 
distinguished  a  longissimus,  an  iliocostalis,  interspinales,  scmispinalcs, 
multi/idi  splenii,  and  levatores  costarum,  together  with  the  scalcni^ 
which  belong  to  the  last-mentioned  group. 

The  muscles  of  the  main  part  of  the  tail  retain  primitive 
relations  similar  to  those  seen  in  Fishes :  at  the  root  of  the  tail 
and  in  the  cloacal  region,  however,  new  muscles  become  differ- 
entiated, viz.,  the  iliO',  ischio-,  and  p^ibo-caudalis  and  muscles  of  the 
anus  (already  indicated  in  Anura)  and  generative  organs. 

Birds. — In  Birds  the  primitive  character  of  the  trunk-muscles 
has  disappeared  far  more  than  in  Reptiles.  This  is  mainly  to  be 
accounted  for  by  the  excessive  development  of  the  muscles  of  the 
anterior  extremity — the  pedoi'alis  major  ^  more  particularly — and 
the  corresponding  backward  extension  of  the  breast-bone. 

External  and  internal  oblique  muscles  are  both  present  in  the 

*  The  relative  size  of  the  pectoralis  major  does  not  always  coiTespond  to 
the  power  of  flight.     It  is  very  compact  in  Carina  tie,  and  contains  elements 
corresponding  to  the  pectorales  major  and  minor  of  Man. 
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abdominal  region,  but  only  slightly  devc^loped :  this  is  more  jmr- 
ticularly  true  of  the  internal  oblique,  which  appears  to  be  under- 
going degeneration.  No  trace  of  a  trans vei-sal is  can  be  distinguished 
in  the  abdominal  region,  but,  on  the  other  hand,  a  distinct,  paired, 
unsegmented  rectus  is  present,  reduced  anteriorly  and  posteriorly. 

External  and  internal  intercostals  are  well  developed,  and  a 
irianyularis  stcrni  (last  trace  of  the  transversus)  apj)ears  for  the 
firat  time  on  the  inner  surface  of  the  sternal  ends  of  the  ribs. 
The  dorsal  portion  of  the  trunk-musculature  is  only  slightly 
developed  in  the  region  of  the  body,  though  very  strongly  marked 
in  the  neck. 

All  these  modific^itions  in  Binls  seem  to  be  accounted  for  by 
the  specialisation  of  the  mechanisms  for  Hight  and  respiration,  to 
assist  which  the  greatest  possible  number  of  muscles  are  brought 
into  play,  and  thereby  influence  the  whole  organism :  an  essential 
difference  is  thus  brought  about  between  Birds  and  Rejitiles. 

Mammals. — In  general,  there  is  a  reduction  of  the  ventral 
musculature  in  Mammals.  Three  lateral  abdominal  nniscles  are 
always  present,  fin  external  and  internal  oblique  and  a  transversalis. 
In  many  cases,  more  particularly  in  Tupaia  and  in  Lemurs,  the 
external  oblique  possesses  tendinous  intersections,  thus  indicating 
its  primitive  segmental  chfiracter  ;  but  in  genenil  all  these  muscles 
consist  of  broad,  uniform  sheets.  Towanls  the  middle  line,  they 
pass  into  strong  aponeuroses  which  ensheath  the  rectus  abdominis 
The  latter  consists  of  a  single  band  on  either  side  and  possesses  a 
varying  number  of  myocommas ;  it  is  no  longer  connected  with  the 
axial  muscles  of  the  neck  belonging  to  the  same  system  {sterno- 
hyoid, sitemothyrmdy  &c.)  as  is  the  wise  in  Urodeles,  for  the  sternum 
is  always  interposed  between  them,  jis  in  the  Sauropsida.  It,  how- 
ever, may  occfisionally  («.^.  in  lower  Primates)  reach  as  far  forwanls 
as  the  region  of  the  hrst  rib :  in  higher  forms  it  becomes  more  or 
less  shortened,  the  greatest  loss  of  myomeres  being  seen  in 
Anthropoids  and  Man,  in  connection  with  the  develoi)ment  and 
relations  of  the  great  adductor  (pectoralis  major)  of  the  fore  limb. 

In  Monotremes  and  Marsupials,  the  strong  pyramida /is  muscle 
lies  on  the  ventral  side  of  the  rectus  abdominis.  It  arises  from 
the  inner  bonier  of  the  mai^supial  bones  (p.  155)  and  may 
extend  forwards  as  far  as  the  sternum.  In  the  higher  Mammals, 
in  which  marsupial  bones  are  wanting,  the  pyramidalis  usually 


j)ubis,  righ 

The  external  and  internal  oblique  muscles  are  represented  in 
the  thoracic  region  in  Mammals,  as  in  the  Sauropsida,  in  the  form 

*  A  sphincter  marsupii  muscle  in  developed  in  connection  with  the  marsupium 
(Figs.  28  and  138). 
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of  external  and  internal  intercostals.^  The  subvertebral  muscle  is 
represented  by  a  longvs  colli  and  recti  capitis  uTitici.  What 
has  been  said  above  with  regard  to  the  quadratus  lumbonini 
and  to  the  differentiation  of  the  dorsal  portion  of  the  trunk- 
muscles  in  Reptiles  applies  essentially  also  to  Mammals,  in  which 
also  the  metamerism  of  the  dorsal  body- wall  is  retained  longer 
than  that  of  the  ventral. 

In  the  caudal  musculature,  flexors,  extensors,  and  abductors 
may  be  distinguished,  and  their  degree  of  development  is  pro- 
portional to  that  of  the  tail :  in  Man,  for  example,  they  become 
reduced,  and  some  of  them  (the  pubo-  and  ilio-coccygeus)  have 
undergone  a  change  of  function,  giving  rise  to  the  levator  ani  or 
"  pelvic  diaphragm,"  consisting  morphologically  and  phylogenetic- 
ally  of  three  portions  (pubic,  ischiatic,  and  iliac).^ 


B.   Micscles  of  the  Diaphragm, 

The  formation  of  a  diaphragm  results  from  a  gradual  sub- 
division of  the  coelome  (pleuroperitoneal  cavity)  into  plcuro- 
pcricardial  and  abdominal  portions,  and  the  differentiation  of  the 
serous  membranes  which  line  these  (pleura, pericardiitm, peritoneum) 
can  only  be  understood  in  connection  with  the  complicated 
development  of  the  primitive  urinogenital  folds,  liver,  lungs,  and 
great  veins,  and  so  cannot  be  dealt  with  in  this  place. 

From  the  Sauropsida  onwards,  a  more  or  less  distinct 
separation  of  the  pleural  and  peritoneal  cavities  is  seen.  In 
Chelonians  and  Lizards  a  partition  is  present  between  these 
chambers,  but  this  is  complete  only  in  Crocodiles  and  Birds. 
Subperitoneal  muscular  elements  are  present  which  connect  it 
with  the  vertebral  column  and  ribs,  but  the  innervation  of  these 

Brecludes  any  homology  with  the  diaphragmatic  muscles  of 
[ammals.^  It  is  here  therefore  only  a  case  of  analogy ;  and  it  must 
be  remembered  that  in  the  Sauropsida  the  pericardium  lies  in  the 
general  peritoneal  cavity. 

*  The  very  variable  aerrati  postici  superior  and  inferior  are  peculiar  to 
Mammals  above  Monotremea.  They  do  not  form  a  single  layer,  but  are  indepen- 
dent of  one  another,  and  are  derivea  respectively  from  the  external  and  internal 
intercostals. 

''^  It  is  doubtful  how  far  the  external  sphincter  of  the  anus,  the  muscles  in 
connection  with  the  external  generative  orsans,  and  the  transiHirswt  perinei  pro- 
funduM  are  derivable  from  the  original  spnincter  cloacae  of  the  Amphibia  and 
Sauropsida.  In  Mammals  the  pubo-coccygeus  (or  the  pubic  porticm  of  the  levator 
ani),  as  well  as  the  sphincter  ani  extemus  and  bulbo-  and  ischio-cavernosif  are 
considered  to  represent  separate  portions  of  the  integumentary  muscle  which 
primarily  extended  over  the  greater  part  of  the  trunk. 

^  Amongst  the  Amphibia  (Rana)  fibres  from  the  trans  versus  which  extend  on 
to  the  gullet  have  been  compared  to  a  diaphragm,  but  the  relations  are  here 
quite  different  to  those  of  the  muscles  of  the  mammalian  diaphragm,  in  the  forma- 
tion of  which  the  rectus  abdominis  plays  an  important  part.  In  Binls,  two 
entirely  different  structures  have  been  described  as  diaphragms  (cf.  under 
Air-sacs). 
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A  complete  (liaphraijm  dividing  the  coelomc  into  thoracic  and 
abdominal  cavities  occui-s  only  in  the  Mammalia.  Ifc  is  dome- 
shaped  and  muscular,  its  muscles  arising  from  the  vertebral  column, 
ribs,  and  sternum.  The  diaphragm  is  of  great  importance  in 
respiration,  as  it  allows  of  a  lengthening  of  the  thoracic  ciwity  in 
a  longitudinal  direction.  lb  is  supplied  by  paired  phrenic  nerves 
arising  from  one  or  more  of  the  cervical  nerves  (usually  the  4th  or 
4th  and  5th,  but  varying  from  the  3rd  to  the  8th) ;  and  is  per- 
forated by  the  (esophagus,  aorta,  postcaval  and  azygos  veins, 
thoracic  duct,  &c.  In  most  cases  it  consists  of  a  central  tendon 
from  which  muscular  fibres  radiate  to  the  periphery  and  form 
dorsally  two  strong  "  pillars  "  of  the  diaphragm.  In  some  Mammals 
{c.fj.  Echidna,  Phociena)  the  diaphragm  is  entirely  muscular :  in 
the  higher  Primates  the  central  tendon  unites  secondarily  with 
the  pericjirdium. 

The  nerve-supply  of  the  diaphragm  indicates  a  polymeric 
origin  from  the  ventral  portions  of  several  myomeres.  In  the 
course  of  development,  it,  like  the  pericardium,  becomes  shifted 
backwanls.  The  first  rudiment  of  the  diaphragm  {'*  He2>tu7n 
tramwcrsum  ")  is  comj)osed  of  connective  tissue  into  which  the 
musculature  extends  secondarily,  and  is  situated  ventrally  on 
either  side  of  the  median  line :  eventually  it  becomes  closed  in 
latemlly  and  posteriorly.^  It  is  important  to  note  that  in  the 
innervation,  as  well  as  the  grouping  of  the  muscles,  a  costo- 
stemal  and  a  lumbar  portion  can  be  recognised  in  the  mammalian 
diaphragm. 

Although  in  many  respects  the  mode  of  evolution  of  the 
mammalian  diaphragm  still  requires  elucidation,  it  is  at  any  mte 
certain*  that  a  close  connection  exists  between  its  development  and 
that  of  the  thorax  and  the  changed  respiratory  conditions.  The 
diaphragm  acts  Jis  an  important  nispiratory  muscle,  and  also  aids 
the  abdominal  muscles  in  the  compression  of  the  abdomen. 


c.     Muscles  of  the  Ap2)e7ulagc8, 

All  the  muscles  of  the  appendages  of  Vertebrates  are  primarily 
to  be  looked  upon  as  derivatives  of  the  ventral  muscles  of  the 
trunk,  ir.,  of  the  myomeres.  This  is  indicated,  apart  from  the 
nerve-supply,  by  their  mode  of  development  in  numerous  Anamnia, 
although  in  the  Amniota  the  primitive  mode  of  formation  is  not 
clearly  recognisable  owing  to  an  abbreviation  of  development. 

Two  principal  groups  of  appendicular  muscles  may  always  be 
distinguished :  one  lying  in  the  region  of  the  pectoral  and  pelvic 
arches,  dorsally  and  ventrally,  the  other  in  the  free  extremity.     In 

^  This  incKle  of  foriimtioii  can  be  recogniseil  not  infrequentiv  in  those  terato- 
logical  cases  in  which  the  cOHt4il  and  luuib&r  portions  of  the  Jliaphragm  do  not 
become  united. 
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Fishes  the  latter  group  consist  essentially  of  elevators,  adductors, and 
depressors  of  the  fins,  and  these  again  may  become  differentiated 
into  several  layers.  From  the  Amphibia  onwards,  in  correspondence 
with  the  more  highly  differentiated  organs  of  locomotion,  consider- 
able complication  is  seen,  and  there  is  a  much  more  marked  separa- 
tion into  individual  muscles  corresponding  with  the  different  sections 
of  the  extremity.  Thus  elevators,  depressors,  rotators,  /Icwi-s,  extensors, 
protractors,  retractors,  abductors,  and  adductors  are  present  in  con- 
nection with  the  pectoral  and  pelvic  arches,  the  upper  arm  and 
thigh,  forearm  and  shank,  and  hand  and  foot:  the  digits  are 
also  moved  by  a  highly-differentiated  musculature.  The  number 
of  muscles  gradually  increases  in  passing  from  the  Urodela  through 
the  Sauropsida  to  the  Mammalia,  and  greatly  influences  the  form 
of  the  skeleton. 

The  most  important  muscles  of  the  shoulder,  the  origin  of 
which  from  the  trunk  gradually  becomes  broader  in  the  higher 
forms,  are  the  cucullaris,  the  stcriiocleidomastoidcns  (belonging 
morphologically  to  the  cucullaris,  and,  like  it,  supplied  by  the 
spinal  accessory  nerve),  the  rhomboidei,  and  the  levator  anguli 
scapulce :  these  act  as  rotators,  protractors,  and  retractors  of  the 
scapula. 

The  muscles  connected  with  the  pelvic  arch  cannot  all  be 
looked  upon  as  the  serial  homologues  of  those  of  the  more  movable 
shoulder,  for  in  many  respects  the  different  mechanical  relations 
of  the  hind  limb  have  caused  modifications  in  the  muscles.  Thus, 
representatives  of  the  levatoo-  anguli  scapula,  rhoviboidens,  and 
serrattcs  magniis  are  not  present. 

A  much  greater  similarity — especially  marked  in  Urodeles — 
exists  between  the  muscles  of  the  free  portions  of  the  fore  and 
hind  limbs.  In  correspondence  with  the  fact  that  the  angle  formed 
by  the  upper  and  middle  sections  points  in  opposite  directions  in 
the  pectoral  and  pelvic  limbs,  the  extensor  muscles  of  the  former 
are  on  its  posterior  border,  and  those  of  the  latter  on  its  anterior 
border,  while  the  flexors  have  the  converse  arrangement.  From 
the  latter  the  pronators  have  arisen :  these  are  more  specialised 
in  the  fore  limb  than  in  the  hind  limb.  The  supinators  originated 
from  the  extensors. 

A  very  varied  differentiation  of  the  individual  layers  of  muscle 
takes  place  in  different  Vertebrates  in  connection  with  the  shank 
and  foot,  as  well  as  the  fore-arm  and  hand.  The  degree  of  differ- 
entiation of  the  muscles  in  question  in  general  corresponds  to  the 
functional  specialisations  of  the  foot  and  hand,  and  is  most  marked 
in  the  hand  of  Primates,  more  especially  of  Man. 

D.     The   Eye-Muscles, 

(These  will  be  dealt  with  in  connection  with  the  organ  of 
vision.) 


MUSCULAR  SYSTEM  187 


Visceral   Muscles. 

Fishes. — The  viHcenil  nuisclos  of  Fishes  ^  have  been  most 
sjitisfiietorily  investigated  in  Ehisniobmnchs,  and  are  classified  by 
FUrbringer  Jis  follows : — 

A.  Cranial  or  ccrchral  muscles  (consisting  originally  of  tnins- 
vcrse  or  circular  fibres)  su[)j)lied  by  the  V'^*^,  VII^^,  IX^*^, 
and  X"'  cerebral  nerves. 

1.  Constrictor  arcu urn  visceralium,i7i/7.  constrictor  superficialis 
dorsalis  et  ventnilis. 

Levator  Inliii  HuperioriH  \ 

lUHxilla;       ,,  !■ V . 

I>:ilpel>ra;  nictituiitis'  J 


rostri 


»» 

»* 


hyoiuaiulibulai'iH  I  yjj 

Dopre.ssor  rostri  j 

,,  inaiulibiilariH  ft  hy(>iiiaiulil>iilari8  J  tv    v 

Iiiterl)ranchiales IX,  X. 

Trapezius X. 

2.  Arcuales  dorsales IX,  X. 

3.  Addiictores,  huL  mlductor  niandibuhe  ...        V. 

and  abductores  areunin  branchialium  .     .     IX,  X. 

n.  Spinal  n,HvMovi^u^\\y  longitml- 1  .s,,i„«-occipit.al  "    and 
inal  an.l  .l.y.de.l,   ike  th.>  other   -    ^     .^^  ^^^^,^^ 
tnink-niiKsc'les,  into  myomeres.  J        * 

(a)  Epibranchial  spinal  muscles,  dorsal  to  visceral  skeleton. 

4.  Subspinalis Spi no-occipital  nerves. 

(  Sj)ino  -  occij)itaI  nerves, 

5.  Intcrbasales <      as  well   «as    the  first 

I      spinal  nerve. 

(b)  Hypobmnchial  spinal  muscles,  ventral  to  visceral  skeleton. 

..    ^  II  C  Spinal  nerves,and  partly 

0.  Coraco  -  arcuales.     uid.     conico-  \  \,     ,     .       '        r       j 

,         ,  .  ,                      1      •  1         ]  the  hvst  one  or  more 

branchiales,    coraco  -  hyoideus,  <  n  .^         •            •   -i.  i 

J               '        111-                i  of  the  spmo  occipital 

and  coraco-mandibulans    .     .    f  ^             ^ 

\     nerves. 

In  the  Ganoidei,  Dipnoi,  Teleostei,  Amphibia,  and  Amniota 
there  are  no  epibranchial  spinal  muscles,  and  the  hypobranchial 
muscles  have  a  very  different  form  from  those  of  Elasmobranchs : 
in  Teleosts,  for  instance,  they  are  much  simplified.  In  Amphibians, 
as  already  mentioned,   the  rectus  system  of  the  trunk  is  only 

*  In  Cyclostomes  there  is  a  remarkable  transformation  of  the  cranio-visceral 
muRculature  in  correspondence  with  their  peculiar  cranial  skeleton  (suctorial 
apparatus)  and  branchial  haskct.  It  is  covered  over  8econ<larily  by  the  trunk 
muscles. 

'^  This  muscle  has  nothing  to  do  with  tlie  other  eye -muscles. 

'  These  are  spinal  nerves  emerging  from  the  occipital  region  of  the  skull  (cf. 
under  Nervous  System). 
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partially  interrupted  by  the  sternum  and  pectoral  arch,  and  is 
continuous  with  the  sternohyoid.  These  ditferent  conditions  of 
the  muscles  result  from  the  varied  adaptations  of  the  visceral 
skeleton  and  respiratory  organs.^ 

Amphibians. — It  is  to  be  expected,  a  priori,  that  the  muscu- 
lature of  the  visceral  skeleton  should  be  more  highly  developed  in 
branchiate  than  in  air-breathing  Amphibians ;  in  the  former, 
more  primitive  relations  are  met  with,  while  in  the  latter  a  greater 
modification,  or  rather  reduction,  of  these  muscles  takes  place. 

The  muscles  of  the  hyoid  and  branchial  arches  may  be  divided 
into  three  groups — a  dorsal  (levatores  areicum),  a  middle  (muscles 
of  the  external  gills  and  the  external  ccratohyoid),  and  a  ventral 
{internal  eeratohyoid,  suharatales,  and  interbranchialis  3  or  4).  The 
nerve-supply  of  the  dorsal  group  is  strictly  branchiomeric ;  in  the 
middle,  and  still  more  in  the  ventral  group,  this  condition  is  not 
retained. 

Between  the  two  rami  of  the  lower  jaw  is  situated  a  muscle 
with  transverse  fibres  (the  mylohyoid  or  intermandibular  muscle), 
supplied  by  the  third  division  of  the  trigeminal  and  the  facial 
nerve ;  this  represents  the  last  remnants  of  the  ventral  superficial 
constrictor  muscle  of  Fishes.  As  elevator  of  the  floor  of  the 
mouth,it  stands  in  important  relation  to  respiration  and  deglutition, 
and  is  retained  throughout  the  rest  of  the  Vertebrata  up  to  Man 
(Figs.  140,  141). 

A  continuation  of  the  trunk-musculature  (the  omo-,  stemo-,  and 
geniO'hyoid),  provided  with  tendinous  intersections,  lies  above  the 
mylohyoid  (Fig.  141).  These  muscles,  which  serve  to  pull  the 
visceral  skeleton  forwards  and  backwards,  are  supplied  by  the  first 
and  second  spinal  nerves. 

In  contrast  to  Fishes,  there  is  in  Amphibians  a  definite  differ- 
entiation into  muscles  of  the  tongue,  that  is,  into  a  hyoglossus  and 
a  geniogloss^is ;  these  also  must  be  considered  as  originating  from 
the  anterior  end  of  the  ventral  muscles  of  the  trunk ;  they  are 
present  in  all  Vertebrates  from  the  Amphibia  onwards,  and  are 
supplied  by  the  hypoglossal — that  is,  the  first  (or  second,  Anura) 
spinal  nerve. 

In  the  Perennibranchiata  and  in  Salamander  larvae  the  muscles 
of  the  hyoid  and  of  the  visceral  arches  may,  by  analogy  with  Fishes, 
be  divided  into  a  ventral  and  a  dorsal  group  ;  the  latter  disappears 
in  adult  Salamanders  and  Anurans,  only  the  ventral  persisting. 
Their  function  is  to  raise  and  depress  the  branchial  arches,  as  well 
as  to  draw  them  forwards  and  backwards.  To  these  may  be  added, 
in  branchiate  forms,  levators  and  adductors  of  the  external  gills 
(Figs.  140  and  141).  They  are  innervated  by  the  vagus  and 
glossopharyngeal. 

^  The  visceral  muscles  of  Polypterus  are  of  especial  interest,  as  they  present 
an  intermediate  condition  between  those  of  Elasmoorancha  and  Urodeles. 
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The  jaw-muscles  may  be  divided  into  a  depressor  (digastric,  or 
bivetUer  mandibuicr,  which  here  has  only  a  single  belly,  Fig.  140), 
supplied  by  the  facial  nerve,  and  into  several  elevators  of  the  lower 
jaw  {iiuisseteTy  temparal,  and  pterygind  muscles),  supplied  by  the 
third  division  of  the  trigeminal.  The  last- mentioned  muscles  may 
be  derived  from  the  adductor  of  the  mandible  of  Elasmobranchs, 
and  the  bi venter  from  the  portion  of  the  superficial  constrictor  of 
Fishes  which  passes  to  the  lower  jaw :  it  arises  from  the  same 
matrix  as  the  platysma,  and  serves  to  open  the  mouth. 

Amniota. — With  the  simplificiition  of  the  visceral  skeleton  in 
Amniota  there  is  a  considerable  reduction  of  the  musculature 
belonging  to  it.  All  nmscles  connected  with  branchial  respiration 
are  of  course  wanting,  and  the  ventral  trunk-muscles,  as  mentioned 
above,  are  always  interrupted  in  their  forwarrl  extension  by  the 
sternum  and  pectoral  arch.  At  the  sjxme  time,  the  nmscles  along 
the  neck  and  on  the  floor  of  the  mouth  met  with  in  Amphibia  are 

C resent  here  also ;  they  are  the  mylo-,  sterno-,  omo-,  and  genio- 
yoid,  as  well  as  the  hyoglossus  and  genioglossus.  To  these  may 
be  also  added  a  sternothyroid,  and  a  thyrohyoid  continued  for- 
wanls  from  it. 

The  stylohyoid,  styloglossus,  and  stylopharyngeus  of  Mam- 
mals, arising  from  the  styloid  process  and  stylohyoid  ligament  and 
undergoing  numerous  variations,  are  j)eculiar  to  Mammals.  They 
are  supplied  pirtly  by  the  facial  nerve,  partly  by  the  glossopharyn- 
geal, and  act  lis  retractors  of  the  tongue  and  levators  of  the  pharynx 
and  hyoid.^ 

The  muscles  of  the  jaws  resemble  those  of  Amphibia,  although, 
especially  in  the  wise  of  the  pterygoids,  th(»y  are  much  more  sharply 
differentiated  into  sui>erficial  and  deep  or  external  and  internal 
portions,  and  may  become  subdivided  secondarily  (e.//.  in  the  region 
of  the  temporal  muscle):  they  are  throughout  more  strongly 
developed.^ 

*  For  the  ten^r  fymjMini  and  HfftjHdiu.s  iiuiHcleH,  cf.  under  Auditory  Organ. 
The  latter  nius(*lc,  together  with  the  stylohyoid,  in  i><mflil)Iy  derived  from  the  dorsal 
portion  of  the  <leep  constrictor  hiyer  of  Fishcfi  whi<h  |»aH8eH  to  the  hyoid,  but 
more  probably  eorrenpondH  to  the  ventral  jxjrtion  of  this  niUHcle. 

^  An  anterior  belly  of  the  biventer  appears  in  Mannnals  in  conseijuencc  of  a 
ahifting  of  the  flui>erficial  layer  tti  the  mylohyoid,  the  tibres  of  which  are  (originally 
transverse.  Its  connection  with  the  tend(m  of  the  |K)sterior  belly  is  therefore 
aeconclary,  as  are  also  the*  relations  of  the  mylohyoid  to  the  hyoid  Inme. 


D.   ELECTRIC   OKOANS. 


Electric  organs  are  present  in  some  Fishes,  being  most 
strongly  developed  in  certain  Rays  (Torpedinidfip,  t.g.  To-ifcdo, 
Sypnos)  found  in  the  Atlantic  Ocean  and  various  southern  seas, 
in  a  South  American  Eel  {Gymnotus  eledHais)  and  in  an  African 
^i\MTmA  (Malopterunis  ekciriaius).  Gym  no  tiis  possesses  by  far  the 
strongest  electric  power,  next  to  it  comes  Malopteiiirus,  and  then 
Torpedo.  The  electric  batteries  of  these  three  Fishes  are  situated 
f„  in  different  parts  of  the  body;   in 

Torpedo  they  have  the  fonn  of  a 
broad  masd,  extending  throughout 
the  substance  of  that  part  of  the 
body  lying  between  the  gill -sacs 
and  the  propterygium  on  either 
side  of  the  head  (Fig.  1*2);  in 
Gymnotus  they  lie  in  the  ventral 
region  of  the  enormously  long  tail 
(Fig.  143),  that  is,  in  the  position 
usually  occupied  by  the  ventral  por- 
tion of  the  great  lateral  muscles ; 
and  finally,  in  Malopterurus,  the 
electric  organ  extends  between  the 
skin  and  muscles  round  almost  the 
entire  circumference  of  the  body, 
thus  enclosing  the  Fish  like  a 
mantle :  it  is  especially  strongly 
developed  along  the  sides,  but  is 
separated  by  the  branchial  apparatus 
into  dorsal  and  ventral  portions. 

The  electric  power  of  those 
Fishes  which  were  formerly  known 
as  "  pseud o- electric  "  has  now  been 
fully  demonstrated,  though  it .  is 
much  feebler  than  in  the  forms  described  above.  To  this  category 
belong,  e.g.  alt  the  Rays,  excluding  Torpedo,  and  the  various 
species  of  Moi'mip-^is  and  Gymnarchus  (both  belonging  to  the 
Telcostei).  In  all  these  the  electric  oi^ns  lie  on  either  side  of  the 
end  of  the  tail  and  have  a  metameric  arrangement  like  that  of  the 
oaiidn)  muscles ;  in  the  Mormyridoi,  for  example,  there  is  on  either 
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aide  an  upper  and  lower  niw  of  ok-ctric  organs.  In  addition  to  the 
Fishfs  here  referred  to,  electric  orgnns  have  aI»o  been  described 
in  other  Teleosts  {f.ff.  Astroseii}ms). 

With  the  [wsaible  exception  of  Malopteninis,  in  which  the 
electric  apparatua  is  said  to  be  derived  from  the  c])idemi,  the 
electric  oralis  of  Fishes 

consist     of     metntnor-  ,--;:^^?*^  ^ 

phoaed  striated  iniiseu- 
lar  fibres,  and  the  nerve- 
ending  belonging  tti 
thorn  are  the  homo- 
logueaof  the  motor  end- 
plateit  which  are  ordin- 
arily found  on  nitiHcles. 

As  refjards  the  wtruc- 
ture  of  the  electric 
or^Ana,  the  same  i;sscn- 
tial  nrrangenionts  an; 
met  with  in  all.  The 
fminework  is  formeil  of 
fibrous  tissue  enclosing 
numerous  cells,  which, 
running  partly  longi- 
tudinally, jwrtly  trans- 
versely through  the 
organ,  gives  rise  to 
numerous  polygonal  or 
more  or  less  mundcd 
chambers  or  compart- 
ments. These  latter  are 
arranged  in  rows,  either  fio.  143, 
along  the  longitudinal 
axis  of  the  bcxjy  ((!ym- 
notus,  MaloptcruniH)  or 
in  a  dorso-ventnil  direc- 
tion (Torpedo),  forming 
definite  prismatic  col- 
umns (Fig.  144).  The 
compartments  are  filled 
with  a  homogeneous 
fluid  or  semi-fluid  sub- 
stance, the  nature  of 
which  is  not  thoroughly 
understood.  It  is  known 
to  correspond  to  modified  nniscle -substance,  and  it  conttiins 
nimieroHS  large,  round  and  oval  nuclei,  aa  well  as  certain  highly 
refracting  bodiea 

Numerous  vessels  and  nerves  niniify  in  the  connective  ti.saue 


inUH  :  HM,  DM'',  (lornnl  portions  of  tlie  grc&t 
lateral  iiiuacles,  seen  jxirtly  it)  tranH verse,  iHtrtly 
in  liiiigitiiilinal,  seotian  ;  E,  the  electric  orutui. 
Keen  in  trarBverKe  «eclion  at  E  ill),  and  from 
tlie  Kiile  nt  A'' !  Fl,  fin  ;  //,  skin  ;  LII,  ponterior 
em!  of  iHnly-cavity ;  Srji,  mciliaii  longitudinal 
libroiiN  septum  between  the  left  anil  riulit 
electric  oi^an  and  lateral  trunk- in ubcIuh  ;  vif, 
y'M',  ventral  portions  of  the  great  lateral 
miiBclc*,  »ecn  jiartly  in  tranavenw,  partly  in 
lungituilinnl,  nection  ;  WS,  vcrlebrnl  column 
from  the  aide,  uhowing  tlie  spiiial  nerveK,  ami 
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lying  between  these  compftrtmenta,  the  nerves  being  enclosed  in 
thick  sheaths,  and  having  a  great  variety  of  origin  according  to 
the  species  of  Fish  under  consideration.  In  Torpedo,  in  which 
the  electric  organs  probably  arise  in  connection  with  the  great 
adductor  muscle  of  the  mandible  and  the  constrictor  of  the  gill- 
arches,  the  nerves  arise  from  the  "  electric  lobe "  of  ihe  medulla 
oblongata,  a  single  branch  coming  also  from  the  trigeminal ;  in  all 
"  pseudo- electric  "  Fishes,  as  well  as  in  Gyranotus.  in  which  over 
two  hundred  nerves  pass  to  the  electric  organ,  they  arise  from  the 
spinal  cord,  and  most  probably  are  in  the  closest  relation  with  the 
ventral  comua,  which  are  particularly  well  developed  in  the  last- 
named  Fish.  It  is  remarkable  that  the  electric  nerves  of  Malop- 
terurus  arise  on  either  side  from  a  single  enormous  lens-shaped 
nerve-cell,  which,  situated  in  the  neighbourhood!  of  the  second 
spinal  nerve,  is  continued  into  a  veiy  large 
primitive-fibre,  which  passes  towania  the  end  of 
the  tail,  dividing  as  it  goes.  The  latter  is  invested 
hy  a  thick  sheoth. 

It  is  stated  that  in  ail  electric  Fishes  the  side 
of  the  electric  plate  on  which  the  nerve  branches 
out  is  negative  at  the  moment  of  discharge,  while 
the  opposite  aide  is  positive.  Thus  the  different 
arrangement  of  the  parts  in  Gymnotua  and 
Malopterurus  renders  it  clear  that  the  electric 
shock  must  pass  in  different  directions  in  these 
Fishes:  in  Malopterurus  it  passes  from  the  head 
to  the  tail,  and  in  Gymnotus  in  the  contrary  direction,  while  in 
Torpedo  the  discharge  passes  from  below  upwards, 

E.vperimcnts  have  shown  that  all  electric  Fishes  are  proof 
against  the  electric  current,  with  the  limitation  that  muscles  and 
nerves — even  the  electric  nerves  themselves — separated  out  from 
the  body  are  capable  of  being  excited  by  the  current.  "  The  last 
and  most  important  question  with  regoi-d  to  the  electric  Fishes 
naturally  concerns  the  mechanism  whereby  the  electric  plates 
become  temporarily  charged  with  electricity.  The  reply  to  this 
question,  although  probably  not  so  difficult  a  one  as  that  relating 
to  the  mechanism  of  muscular  conti'action.  is  still  far  from  being 
answered"  (Du  Bois-Roymond).  The  only  thing  that  cin  bo  stated 
with  certainty  is.  that  the  electromotive  force  is  under  the  control 
of  the  wilL 


Fro.  144.— Eleu- 
TKic  Prisms  or 
Torptdo  mnr. 
morata.  (8emi- 
diagrammntic.) 
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E.  NERVOUS    SYSTEM. 

nervous  ayatcm  hiis  the  important  ftinctioD  of  placing  the 
organism  in  communication  with  its  surroundings,  stimuli  received 
by  the  sensory  organs  being  transformed  into  nerve-impulses  which 
are  conducted  along  the  afferent  or  sensory  iierBe-traclis  to  the 
central  organ  of  the  sj-stem.  In  the  latter  these  stimuli  are 
transformed,  or  new  ones  are  originated,  and  they  travel  along  the 
efferent  or  motor  ntnK-tracks  to  muscular  elements,  thus  causing 
their  contraction,  or  to  glands,  causing  them  to  secrete.  The 
intimate  connection  between  muscle  and  nerve  has  already  been 
referred  to. 

It  was  pointed  out  in  the  Introduction  that  the  nervous  system 
arises  from  the  ectoderm.  The  parts  of  tt  which  first  become 
differentiated  hieto logically  are  the  nerve-celli  (ganglion-cells), 
fixim  which  nerre-fibrei  arise  later  and  serve  as  the  conductors 
of  nervous  impulses.  The  moat  important  constituent  of  the 
nerve-fibre  is  a  central  rteuraxis  or  axis-fibre,  and  in  those  nerve- 
fibres  which  are  spoken  of  as  metlutlated  this  is  surrounded  by  a 
highly  refractile,  fat-like  substance  (myelin),  which  forms  the 
medullary  sheath.  In  cei-taiu  (uon-medullated)  nerve-fibres  this 
sheath  is  wanting,  but  the  two  kinds  of  fibres  are  not  sharply 
marked  off  from  one  another,  either  locally  or  genetically  :  a  fibre 
may  be  medullated  in  one  part  of  its  course,  and  non-medullatcd 
in  another.  Externally  each  nerve-fibre  is  enclosed  by  a  delicjtte 
sheath,  the  neiirilemma. 

Part  of  the  ectodermic  tissue  which  forms  the  nervous  system 
of  the  embryo  does  not  become  transformed  into  nervous  tissue, 
but  gives  rise  to  an  epithelial  layer  {ej>endyme)  and  also  to  a 
supporting,  connecting,  or  isolating  framework — the  7ieurofflia, 
which  plays  a  very  important  part  in  the  central  nervous  system  ; 
externally,  investing  membranes  as  well  as  blood-  and  lymph-vessels 
arc  formed  from  the  mesoderm.  As  compared  with  the  central 
organs,  the  peripheral  tracks  are  comparatively  poorly  supplied  with 
blood. 

The  nervous  system  thus  consists  of  central  and  pei-iphcrai 
portions  I'Fig.  \i^i     The  central  part  (fiwm  itnd  «pi-nnl  i-orii)  is 
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Fiu.  14.1.— TiiK  Entire  Nkbvoi-s  System  of  the  Fkiki.  (After  A.  Ecker.) 
Fnini  tilt!  vi!nti'al  Me. 

F,  faciiii  iicrvv  ;  O,  j^nglion  uf  tlii:  vuyus ;  Hr,  i:eiehnii  licmiRpheres ;  I  to  X,  lint 
to  tenth  cerebral  nerven  ;  /,»/>,  optic  lobvs  ;  .V.  (miiwJ  cord ;  Ml  to  Jf  10, 
s|iinaJ  nervex,  which  lui:  MninoL-tetl  at  S.V  b;  brauchei  (rami  commnDicaDtes) 
witli  tlic  KHQijliii  ('VI  toNlO)  nf  the  ayiripathutic  (>S') ;  .V,  nasal  aac;  A'l, sciatic 
nerve;  A^,  funiiirni  nt-rve  ;  n,  c\-c ;  Vd  t^  Vr.  tiic  different  bnuches  of  the  tri- 
jjeiiiinid  ;  Vij,  (iatmirinn  (,iiiif{lion  ;  Vi,  uonnention  of  the  sympathetia  with  the 
I  iasserian  ganglion;  .VI  loA4.  the  lUfJcrent  branches  of  the  vagut.  Sooteof  the 
ftVir«<i/lIlcsj'nipfitiietit!ihoMWlieBVvoyi-nac<icMnpaiiyingthei'agiiiipOTiphe«Jly. 
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t.h(?  fii-st  to  arise,  and  is  fbrinc<l  as  aclircct  product  of  the  uctodcrin  ; 
the  peripheral  portion  (crrcbra/,  ajyinul,  and  symjHiiheiie  tunrs,  and 
their  ganglia)  becomes  established  later. 

1.   THE  CENTRAL  NERVOUS  SYSTEM. 

The  first  indication  of  the  central  nervous  system  is  a  lonri- 
tudinal  fuiTow  {viedullain/  groove,  Fig.  6,  a)  which  appears  on  tne 
dorsal  side  of  the  embryo,  and  which  gradually  becomes  converted 
into  a  tube  by  the  meeting  of  its  edges;  this  tube,  consisting 
originally  of  epithelial  cells  like  the  ectoderm  from  which  it  arises, 
then  becomes  separated  from  the  latter,  and  gives  rise  to  the 
hollow  medullary  cord^  (Fig.  6,  B),  in  which  nerve-cells  and  fibres 
become  differentiated ;  it  comprises  a  more  expanded  anterior, 
and  a  longer  and  more  slender  posterior  section.  From  the  former 
arises  the  brain,  from  the  latter  the  spinal  cord. 

In  an  early  stage  of  development  the  lumen  of  the  medullary 
cord  is  primitively  continuous  posteriorly  with  that  of  the  primary 
intestine  by  the  ncitrenteric  canal,  but  this  connection  soon  dis- 
appears. The  cord  consists  of  a  cylindrical  or  more  or  less  flattened 
tube,  the  cavity  of  which  expands  in  front  to  form  the  ventricles  of 
the  brain,  and  is  lined  by  ciliated  epithelium.  With  the  thickening 
of  the  walls  of  the  tube,  this  cavity  becomes  greatly  reduced,  and 
in  the  spinal  cord  is  spoken  of  as  the  central  caiuil. 

Some  of  the  cells  m  the  brain  and  spinal  cord  serve  as  sensory 
centres,  others  as  motor-centres,  new  centres  being  added 
which  complicate  the  originally  simple  reflex  circuit,  and  various 
other  modifications  gradually  occur  in  the  course  of  development  of 
the  head. 

Membranes  of  the  brain  and  spiiud  cord  {meninges). 

In  Amphioxus,  the  central  nervous  system  is  enclosed  by  an 
undifferentiated  investment  of  connective  tissue.  In  the  lowest 
Cniniata,  a  differentiation  takes  place  into  a  pinmitive  meninx, 
which  closely  invests  the  spinal  cord,  and  a  second  membrane 
{endorachis\  which  lines  the  vertebral  canal :  the  latter,  formerly 
known  as  the  "dura  vertebralis,"  is  comparable  merely  to  the 
perichondrium  or  periosteum,  and  has  nothing  to  do  with  the 
meninges  proper.  The  blood-vessels  supplying  tne  spinal  cord  are 
contained  in  the  primitive  meninx,  the  space  and  tissue  directly 
external  to  which  may  be  spoken  of  as  the  perimeningeal  space  and 
tisstce.     This  condition  is  retained  in  Fishes  (Fig.  146,  a). 

A  further  process  of  differentiation  takes  place  in  Urodeles 
and  is  more  marked  in  Anurans,  reaching  a  higher  stage  in  Reptiles 
and  a  still   higher  one  in  Birds.      This  process  consists    in  the 

■  The  con!  ia  at  first  solid  in  certain  FiHhes  {t.y.  Petroinyzon,  Lepi«loKteu8, 
Amia,  Teleost^i,  Lepiilosiren),  its  cavity  appearing  later. 

O   1 
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mipwirfincc  of  )i  lyinph-H[jiice  io  the  primitive  nieiiingoiil  DivmbnUK!, 
dividing  it  into  siii  outor  dura  mnter  s^nmilis  iind  an  innvT  ■primAtiix 
pia  vtater.  There  is  thus  a  pcruiu-ml  or  epUtu-nil  space  uxtemal  to 
the  dum,  and  ii  siiiihvral  space  between  it  and  tht-  primitive  pia 


Fio.  146.— TiiK  iNi 
Vkktkbrate  l.tw 
Semidiagrammal  i 

In  Mainmalu,  the  pia  is  considerably  thicker,  and  the  lymph 
spaces  which  it  encloses  are  more  marked :  it  becomes  sepamted 
into  two  layers,  the  inner  of  which  gives  rise  to  the   vnsctilar 

secmuiar;!   or  dc/initivc  pia,   and    the    outer    to    the   amehnoid. 
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In  conscquoiice  of  this  process  of  differentiation,  the  originally 
single  |)erimedullary  space  is  now  represented  by  three  lymph 
spaces : — a  peridural ^  a  subdural,  and  a  siiharachryrid  space  (c).  The 
last  mentioned  encloses  a  network  of  tmbeculie.^ 

The  brain-membranes  are  formed  in  essentially  the  sjime  way 
as  those  of  the  spinal  cord.  The  dura  mater,  however,  possibly  owing 
to  the  mpid  growth  of  the  brain,  becomes  pressed  against  the 
jK^riosteum  (so-called  ''  eiidocranium''  corresponding  to  the 
endorachis  of  the  spinal  colunm),  with  which  it  may  become  fused 
(e,g.  Mammals)  and  thus  was  formerly  known  jvs  the  outer  layer  of 
the  dura.^ 

In  Fishes  and  tailed  Amphibians^  the  whole  subdural  space  is 
filled  by  a  loose  tissue  consisting  of  meshes  enclosing  lymphoid 
and  fatty  tissue,  while  in  Anurans  this  is  only  the  case  in  the 
anterior  jiart  of  the  skull.  Further  back,  to  the  end  of  the  spinal 
canal,  there  is  a  definite  continuous  space  filled  with  lymph,  and 
this  is  especially  well  developed  on  the  dorsal  side  of  the  brain 
and  spinal  cord. 

Functionally,  the  dura  serves  as  a  kind  of  internal  periosteum, 
while  the  vascular  pia  is  important  in  connection  with  the 
nutrition  of  the  central  nervous  system.  In  places  where  the 
walls  of  the  brain  are  epithelial,  and  do  not  become  converted  into 
nervous  tissue,  the  pia  also  takes  part  secondarily  in  lining 
the  ventricles,  into  which  it  may  extend,  pushing  the  epithelial 
wall  (ependyme)  before  it,  and  thus  giving  rise  to  telm  or  plexus 
choroideij  which  are  very  important  throughout  the  Vertebrate 
series.^ 

The  arachnoid,  which,  as  mentioned  above,  becomes  differenti- 
ated between  the  dura  and  pia,  is  not  really  a  membrane :  it 
consists  of  an  extensive  system  of  meshes  of  lymphoid  (adenoid) 
tissue,  the  cavities  in  which  are  lined  by  an  epithelium  and  con- 
tain a  serous  or  lymphoid   fluid.      The  meshes  bridge  over  all 

^  The  cause  of  this  gradual  iiicroa.se  in  coiuplicatioii  in  to  be  traced  iii  the  first 
instance  to  the  increasing  vascularisation  of  the  spinal  cord  in  passing  from  the 
lower  to  the  higher  Vertebrates :  this  results  in  an  increase  in  the  quantity  of 
lymph  and  necessitates  an  arrangement  of  larger  channels  for  carrying  it  off. 

^  The  morphological  iliflTerence  between  these  two  membranes  is  seen  most 
plainly  at  the  optic  foramen,  at  which  the  i)eriosteum  of  the  cranium  is  directly 
c>ontinuous  with  that  of  the  orbit,  while  the  dura  proper  forms  the  sheath  of  the 
optio  nerve.  The  mcxie  of  origin  of  the  so-called  siniiM  dune,  matris  is  not  known 
with  certainty,  but  they  appear  to  have  nothing  to  do  with  the  tlura  proper  and  to 
correspond  to  sinuous  enlargements  of  the  periosteal  '*  endocranium,"  as  is  indicate<l 
by  similar  spaces  in  the  endorachis  of  Anamnia,  Reptiles,  and  mammalian  embryos, 
which  are  espetdally  well  seen  around  parts  of  the  Drain  in  Urodeles.  In  Anurans 
they  even  extend  beyond  the  cranial  cavity  along  the  whole  length  of  the  spinal 
canal.     (Cf.  under  Auditory  Organ— iMjrilymphatic  and  endolymphatic  ducts.) 

*  The  brain -m<*nibranes  in  Sauropsitla  require  further  investigation.  In 
Mammals  the  dura  gives  rise  to  folds  ext^in^ling  between  parts  of  the  brain,  known 
as  the  f'Ur  and  the  ftnforinm.  The  fornuT,  slight  indications  of  which  are  also 
seen  in  Binls,  extends  Initween  the  two  hemispheres,  the  latter  l»etween  the  hind- 
brain  and  the  (M!(;ipital  IoIh^s  of  the  hemispheres:  \h){\\  may  beeome  ossified 
{t.tj.  in  (varnivoni). 
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involutions  imd  irregularities  of  the  surface  of  the  bniiu,  anil  form 
a  delicate  external  lamella  separating  them  from  the  subdural 
space  all  along  the  ccrebro- spinal  canal. 

In  all  Vertebrates  the  suoarachaoid  space  communicates  in  the 
region  of  the  hind-brain  (medulla  oblongata)  with  the  ventricles  and 
central  canal,  so  that  there  is  a  free  passage  into  these  for  the 
albuminous  cercbro-spinai  or  arachnoid 
*  n  fluid,  which  is  mainly  formed  in  connec- 

tion with  the  ependynie  cells  covering 
the  choroid  plexuses  in  the  ventricles. 


1.  The  Spinal  Cord. 

The  spinal  cord  is  at  first  of  a  uni- 
form diameter  throughout,  but  later, 
when  a  richer  nerve -supply  becomes 
needed  for  the  extremities,  it  exhibits  in 
these  regions  definite  swellings — the 
brachial  and  lumhosacral  enlargements 
(Fig.  147).  The  cord  originally  extends 
along  the  whole  length  of  the  neural 
canal,  but  its  growth  is  usually  less  rapid 
than  that  of  the  vertebral  axis,  so  that 
it  is  eventually  considerably  shorter  than 
the  latter.  In  such  cases  {e.g.  Primates, 
Cheiroptera,  Insectivora,  Anura — Figs. 
145  and  147)  it  passes  at  its  posterior 
end  into  a  brush-like  mass  of  nerves,  the 
so-called  cauda  equina  ;  these  He  within 
the  neural  canal,  and  the  sacral  nerves 
arise  from  them.  An  axial  prolongation 
of  the  spinal  cord  nevertheless  extends 
far  back,  but  is  reduced  to  a  thin  thread- 
like fHum.  tei-minale. 

The  bilaterally -symmetrical  form  of 
the  spinal  cord  is  pronounced  by  the 
presence  of  a  longitudinal  fissure  extend- 
ing along  it  ventrally ;  this  ventral  Jismre 
is  not  always  present,  and  the  so-called 
"  dorsal  fissure,"  which  is  formed  by 
obliteration  of  the  greater  part  of  the  primitive  central  canal,  is 
due  to  the  presence  of  a  septum  formed  from  connecting  sub- 
stance, the  ependyme.^     If  one  imagines  the  points  of  exit  of  the 

'  A  Reciiiularr  vent riuir- like  ciilargmitent  i>f  tlic  {HDiterior  end  of  the  central 
canul  in  many  NfuminalFi  Hurt  otliur  Verte1irat«H  nuiHt  not  be  cimfiiaed  witli  the 
""-cnUed  ni'iiui  rhomliouliilii  in  the  liiniliiir  region  of  t  lie  i-onl  in  ItinU.  which  ariscR 
liy  a  Beparatioii  'if  iWv  latci-al  lialvun  of  tile  cmil  anil  is  tilled  with  moilifieil 
neiiniglia,  (Iiii»i  funning  n  iiillvh  tliinkciieil  ilnmal  Bciitum. 


FJO.  147.— UlAORAJtaCIFTHE 

Spinal  Cord  and  its 
Nkrvbs.  In  A  the  con) 
paaaeB  \jo  thtr  end  of  the 
tail,  and  at  Bit  ends  more 
anteriorly  and  passeB  be- 
hind into  a  longer  filum 

Ce,  canda  etiuina;  F.I,  tilum 
lermiiiale  ;  M.o,  inetlidla 
oblongata ;  Pb,  brEtchinl 
plexus  ;  Pc,  cervical 
nerves  ;  PI.  lumbo-sacral 
plexus  ;    P.lh,     thoracic 
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dorsal  (sensory)  and  ventnil  (motor)  nerve-roots  to  be  respectively 
connected  together  by  a  longitudinal  line,  each  half  of  the  spinal 
cord  would  thus  be  divided  into  three  columns, — a  ventral,  lateral, 
and  dorsal.  Anteriorly  the  cord  becomes  continuous  with  the 
posterior  portion  of  the  brain  (medulla  oblongata),  with  the 
ventricle  of  which  the  central  canal  communicates. 

As  reganis  its  minute  structure,  two  kinds  of  nervous  tissue  can 
be  distinguished  in  the  spinal  cord, — a  white  auhstaiice,  consisting 
of  nerve-fibres  only,  and  a  gray  substance,  composed  of  nerve-cells 
as  well  as  fibres.^  Their  relative  |)ositions  vary  in  the  various 
vertebrate  groups,  as  well  as  in  different  regions  of  the  cord  ;  the 
white  substance,  however,  has  in  general  a  more  peripheral,  the  gray 
a  more  central  position,  the  latter  usually  presenting  a  pair  of 
dorsal  and  ventral  cornua  in  transverse  section,  its  groups  of  cells 
showing  in  many  places  a  metameric  arrangement.*^ 


2.  The  Brain. 

Before  the  medullary  groove  becomes  closed,  three  swellings 
may  be  seen  at  the  anterior  enlarged  part  of  the  medullary  tube : 
these  are  spoken  of  as  the  primary  anterior ^  middle,  and  posterior' 
cerebral  vesicles,  or /ore-,  viid-,  and  hind-brain.  (Fig.  148).     The 


Fkj.  148.— 1)ia(jr.\m  of  thk  Emhryonic  Condition  of  the  Ckntral  Nervous 

System. 

G,  brain,  with  itn  three  primary  vesicles,  /,  //,  ///  ;  R,  spinal  cord. 

cavities  of  the  vesicles  are  in  direct  connection  with  the  central 
canal  of  the  spinal  cord. 

A  differentiation  of  the  primary  fore-brain  and  hind-brain 
respectively  into  two  parts  then  takes  place,  and  thus /fve  divisions 
of  the  brain  niay  b(^  distinguished.  Counted  from  before  back- 
wards these  are  the  telencephalon  (secondary  fore-brain  or  cerebral 
rudiment),  dienvtphalon  (primary  fore-brain  or  twixt-brain),  mes- 
cncephalon  (mid-brain),  metencephalon  (secondary  hind-brain),  and 

^  Peculiar  structures,  known  as  Reissner's  lihros,  arising  in  the  brain  and  ex- 
tending along  the  spinal  cord,  occur  in  all  vertebrate  Classes.  They  represent  an 
ancient  but  highly  differentiated  apparatus,  the  function  of  wliich  is  to  pass  optic 
stimuli  by  reflex  action  to  tlie  motor  tracks  of  the  cord.  Those  fibres  are  largest 
in  Klasmobninchs  and  Telcosts,  and  are  retluced  or  wanting  in  blind  animals  and 
thotte  in  whicli  the  eyes  have  undergone  roducaion. 

-  In  Struthious  Hinls  a  row  of  elevations  occun*  in  the  luinlKi-sacral  region, 
recalling  the  metJiuieri^:  HegnxMitation  of  the  i-onl  in  the  Teleost  Trigln.  The  origin- 
.ally  metameri(;  chara<'t4'r  of  the  cord  is  also  indicated  phylogenet  ically  and  onto- 
genetically  by  the  primary,  segmental  biiMMl-vesHels.  The  dorsal  and  ventral 
longitudinal  vascular  trunks  arise  .secondarily. 
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viyekiuxphaltm^  (primary  hind-brain).  The  telencephalon  usu- 
ally gives  rise  to  a  pair  of  lobes,  the  cerebral  hemisphtTcs,  and  the 
mid-brain  to  a  pair  of  optic  lobes  or  corpora  higemiiia  dorsally,  and  to 
two  longitudinal  bands,  the  crura  cerebri,  ventrally.  The  meten- 
cephalon  is  also  spoken  of  aa  the  cei-ebellum,  and  the  myelencephalon 
as  the  bulb  or  medulla  oblongata.  From  the  secondary  fore-brain 
paired  olfactory  lobes  ^  are  given  off  anteriorly  and  its  floor  or  basal 


Vk  7  Zffsc  m  w  ns 


I'lU.    149,— LoNfilTUD 

(Ideal)  \  SBTmiMTK  Fmbryo  (I  part  after  Hii]iley.)  ■ 
£c,  basia  cranii ;  Cr,  central  canal  of  ap  nal  cord  Ch  notochord  ;  HC,  posterior 
conunissure  ;  HH  erebellu  n  (n  etenccpl  alun  aecun  lary  hind-brain) ;  MH, 
mid-brain  (iiienencephaloii) ,  IHH,  primiiry  hind-brain  (inyelencephaloil) ; 
NW,  nasal  cavity ;  SD,  roof  of  skull ;  VH,  secondary  fore-brain  (telencepha- 
lon), showing  the  corpus  striatum  (Ct)  at  the  base,  and  the  olfactory  lobe 


(OlJ)  anteriorly  ;  ZH,  diencephalon  (primary  fote-brain).  which  has  r 
..      ,      ......  ..-.L.  ._...._,   L.f. '--lysiB,  ^),  an^  --.  —  ..-.-    ..--  -•-/: 

Ig  seen  the  optic  nerve  (O/V).  arising  from  the  optic  thalamus  (TAo). 


icephalon  (primary  foie-bram}.  which  has  give 

le  dorsally  to  the  pineal  boily  (epiphysis.  Z),  and  ventrally  to  the  infundi- 

buluni  (/).  to  which  the  pituitary  body  (hypophysis,  H)  is  attached :  anteriorly 


portion  becomes  thickened  to  form  a  large  "  basal  ganglion,"  the 
corpus  striatum,  while  its  peripheral  part  is  distinguished  as  the 
"  mantle  "  or  pallium  (Fig  l+y).^ 

The  pallial  region  undergoes  an  important  process  of  develop- 
ment in  passing  upwards  from  lower  to  higher  forms,  gradually 
becoming  differentiated  hiBtologiciilly  into  a  layer  of  cortical  gray 
mailer  of  great  physiological  importance. the  relative  differentiation 
of  which  stands  in  close  relation  to  the  mental  development  of 
the  animal.  The  telencephalon  reaches  its  greatest  perfection  in 
Mammals,  more  especially  in  Man,  while  in  certain  lower  Vertebrates 
the  cortex  is  partially  or  entirely   nnn-nervous   and    retains  its 

■  There  is  still  a  want  of  unanimity  iu 
inaliy  of  the  tenna  given  above,  us  well  as  otli' 
in  different  senses  by  different  morphologiDts. 

'  The  olfactory  lobes  are  of  great  importance  pii  vlogenetically,  as  the  origin 
of  the  telencephalon,  and  more  especially  of  its  deeper  basal  portion,  is  closely  con- 
nected with  the  olfactory  organ. 

>  From  the  primarily  epithelial  palUum  ai-ises  a  median  dorsal  outgrowth, 
the  parapkysu  (Fig.  lf>0).  just  anteriorly  to  a  tranrivcrse  fold  of  the  epithelial 
roof  (relum  Iramrergum)  which  separates  the  ventricles  of  the  primary  «ad 
srconilury  fore-brain,  and  on  the  cd^c  of  which  a  posterior  pallial  cunimiMure  can 
Iw  reiiignised  (•-.,'/.  in  Li/anls) :  this  fold  cnctoscs  a  vascular  thickening  of  the 
pia  muleT  lehoroi/lti/'fKi),  fi'om  whii^h  the  painpliyiiiHis  notalwaytidistmgaiahablo 
(c(.  Fig.  165).  The  latter  u|>|)arciitly  rcpreneiitH  a  glandular  organ,  recalling  that 
oonnectinl  with  the  infundiliuluiii:  wlicther  it  iiixo  includes  the  vestige  of  a  sensory 
ofyumtni,  lika  the  pnriclai  and  pineal  cirgans,  is  iloulilful  (c-i.  pj).  2112  and  203). 


ciiibryuDic  epitht-lial  chanicton  this  is  usTiiilly  ntgarck-d  «s  iK'iiig 
due  to  regressive  iiietamorphoBis,  the  cause  of  which,  however,  is 
difficult  to  expliiin.  The  mutive  distribution  of  the  giuy  aiid  white 
matter  differs  in  various  parts  of  the  brain. 

Connecting  the  two  lateral  halves  of  the  brain  arc  cortain 
transverse  bands  of  nerve-tibros  or  comviUsurea.  In  addition  to  n 
small  superior  or  hahentdar  emnvtv/stirt  in  the  pallium  (Fig.  150), 
an  anterior  commissure  is  present  in  the  posterior  region  of  tho 
secondary  fore-brain,  a  middle  in  the  primary  fore-braiii  {in 
Mammals  only),  and  a  po^eiinr  in  the  anterior  part  of  the  mid- 
brain. In  addition  to  these,  others  may  be  deveIoi)ed  in  the  pailial 
region  {e.g.  antn-im-  and  poski-ior  jmllinl  commissures,  cf.  Fig.  1 G5) ; 
and  amongst  Afammals  those  known  as  the  corpus  cadusam  and 
fornix  are  of  great  irnportanco. 


JTwoiffpAa/oH 


Zld,tllJ0l^i 


The  outer  surface  of  tho  honiisphcros  is  more  or  less  smooth, 
except  amongst  the  Mammalia,  in  wnich  fissures  (sulci)  and  convolu- 
tions (gyri)  may  be  present.  These  consist  of  iolds  of  the  entire 
pallium  or  cortex,  and  they  cause  a  greati-r  or  less  inci-case  of  the 
superficial  area. 

From  the  primary  fore-brain,  the  ventricle  of  which  is  walled 
in  anteriorly  by  the  lamina  Ccrmiiudia,th(!  following  structures  also 
arise  (Fig.  149) : — the  ojitic  t/uilami,  formed  as  thickenings  of  its 
basal  walls,  and  tho  guiigliit  lialieuiilw  on  the  }>ostorior  lateral 
margin  of  the  liorsal  region,  with  the  sii/nrinf  i-Kiii/iiinMiirr-  between 
them;  the  primary  ••jUir.  rmicles,  arising  as  jwiin-d  vfiitro-iaterii! 
outgrowths,  i'liim  which  the  iijUir  tiar'S  and  rHiwi  with  itw  pi^UKiil 
epithelium  are  deriviti  later;  ihv  jihicid  ujiimi'difv,  developed  i\n 


202 


COMPARATIVE  ANATOMY 


outgrowths  of  the  roof;  and  finally,  the  infwidibulum,  formed  as  an 
extension  of  the  floor,  together  with  part  of  the  jntuitary  body 
{hypophysis).  Another  portion  of  the  pituitary  body  is  derived  from 
the  epithelium  of  the  primary  oral  involution  (stomodaeum).^ 

TUtiQ  pineal  apparatits  consists  of  the  epiphysis  or  pineal  oi'gan 
proper,  which  persists  in  a  more  or  less  vestigial  condition  in 
all  Vertebrates,  and  of  a  more  anterior  outgrowth  which  may  be 
called  the  parietal  organ,  arising  from  the  epiphysis  or  inde- 
pendently from  the  roof  of  the  diencephalon,  and  becoming 
atrophied  in  the  majority  of  Vertebrates.   Each  of  these  structures 


^.-. 


Fi(i.  151. —Diagram  ii.lustrattncj  the  Structure  op  the  Hypophysis  of 
Vertebrates.  J,  PhrrROMYZoN  ;  /?,  Pisces;  C  Amphibia;  D,  Saurop- 
sida;  Ej  Mammalia.     (After  Sterzi.) 

//,  *'chromophilous"  portion,  and  IP,  '*chromophobic"  portion  of  hypophysis; 

7*,  infundibular  process  ;  S,  saccus  vasculosus. 


represents  a  vestigial  sensory  organ,  and  may  retain  to  a  greater 
or  less  extent  the  characters  of  a  median  cye^  which  in  some  cases 
has  probably  a  light-perceiving  function.  Certain  facts  indicate 
that  these  organs  may  have  been  paired  primitively  or  that  the 
two  cori'espond  to  members  of  a  pair  ;  but  further  researches  arc 
desiiable  on  this  point,  as  well  as  on  the  relation  of  the  two  organs 

■  Possibly  the  eiulodennir  epitheliuni  of  the  primary  fore-gut  may  also  t*ike 
part  In  its  formation. 
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to  one  another  and  the  nature  of  certiiin  acceijsory  vesicles 
in  this  region  found  in  certain  forms  {eg,  Anguis).  Both  pineal 
and  parietal  organs  are  in  the  embryo  connected  with  the  brain  by 
a  special  nerve  or  tract  which  grows  out  from  the  organ  and 
becomes  connected  with  the  brain  secondarily  (c£  Figs.  165  and 
168). 

As  already  stated,  a  nervous  and  an  epithelial  portion  are  to  be 
distinguished  in  the  hypophysis,  the  former  originating  from  the 
infundibulum,  the  latter  from  the  epithelium  of  the  stomodiBum 
(Fig.  151).  In  Cyclostomes  the  nervous  portion  consists  of  a  thin- 
walled  sac  arising  from  the  infundibulum  (infundibular  sac  or 
process),  which  in  all  the  true  Fishes  is  in  part  thrown  into  folds 
Dy  the  invasion  of  numerous  vessels.  Thus  arises  the  so-called 
saceiis  vasculosjcs,  the  development  of  which  shows  great  variation 
amongst  the  different  groups  of  Fishes.  In  the  higher  Vertebrates 
the  infundibular  process  undergoes  various  modifications,  espe- 
cially as  regards  the  saccus  vasculosus,^  only  traces  of  which  may 
still  be  recognisable  (e.g.  Mammals). 

Both  the  primary  and  the  secondary  fore-brain  are  situated  in 
the  prechordal  region  of  the  skull,  all  the  other  divisions  of  the 
brain  lying  in  its  chordal  portion  (p.  75).  The  mid-brain  and 
medulla  oblongata  undergo  fewer  modifications  than  the  fore-brain, 
though  each  optic  lobe  becomes  subdivided  into  an  anterior  and  a 
posterior  lobe  in  Mammals ;  only  the  anterior  part  of  the  thin  roof 
of  the  medulla  (valve  of  Vievsseiis)  is  nervous,  while  its  floor 
becomes  greatly  thickened,  and  in  Mammals  gives  rise  anteriorly 
to  a  transverse  band  of  fibres  (pons  Varolii).  It  is  important  to 
note  that  the  greater  number  of  the  cerebral  nerves  arise  from  the 
medulla  oblongata.  The  cerebellum  may  be  more  or  less  distinctly 
folded  and  suMivided  into  median  and  lateral  lobes. 

In  the  course  of  further  development,  the  walls  of  the  cerebral 
vesicles  become  more  and  more  thickened,  so  that  their  cavities, 
transformed  into  the  ventricles  of  the  brain,  undergo  a  gradual 
reduction  (Fig.  152). 

A  series  of  unpaired  ventrick^s  (telocasle,  diacade,  vumaele, 
metacade^  and  myelocele)  lying  in  the  longitudinal  axis  of  the  bniin, 
as  well  as  pairoil  ventricles,  can  be  distinguished.  When  c(Tebral 
hemispheres  are  more  or  less  distinctly  developed,  the  teloctele 
gives  rise  to  paired  cavities  extending  into  them  and  known  tis  the 
lateral  ventricles  (=  ventricles  1  and  2);  each  of  these  commtmi- 
cates  with  the  diaccRle  or  third  ventrvde  (which  extends  into  the 

*  Various  hypothcRCH  have  l)een  put  forward  with  reganl  to  the  primary 
nature  of  the  hypophysifl  :  it  may  represent  a  Hcnsory  organ,  or  may  correspond 
to  the  primitive  mouth  (*•  pala'OHtoma")  of  the  Protovertehnita,  which  is  to  a 
greater  or  less  extent  represented  by  the  <H)inhined  unpaired  nasal  and  pituitary 
passage  of  (.'yclostomes  (see  umler  Olfactory  Organ,  un<l  Fig.  190) :  on  the  latter 
hypothesis  the  mouth  of  existing  Vertebrates  is  a  "  neostonui."  It  is  very 
probable,  esptM-ially  in  the  higher  Vertebrates,  that  the  epithelial  part  of  the 
hypophysis  has  an  im|M)rtant  function  as  a  ductless  gland,  which  giv«^s  (jH*  its 
secretion  into  neighbouring  bloo<l-  and  lymph-uipillaries. 
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infiindibulum)  by  means  of  an  opening,  the  foramen  of  Monro,  and 
may  be  continued  into  the  corresponding  olfactory  lobo  as  an 
olfactory  ventricle  or  rkinoaxle.  Each  optic  lobe  also  usually  con- 
tiiins  an  optic  venlride,  or  optocceU,  communicating  with  the 
mesoccele  (Her  or  aqueduct  of  Si/lvius).  There 
may  be  a  distinct  metacoele  in  the  cere- 
bellum opening  into  the  myelocoete  or  fourth 
ventricle.^ 

All  five  cerebral  vesicles  lie  at  first  in  the 
same  horizontal  piano,  but  in  the  course  of 
development  a  cerebral  flexare  takes  place, 
the  axis  of  the  vesicles  becoming  bent  down- 
wards, so  that  at  a  certain  stage  the  mesen- 
cephalon forms  the  apparent  apex  of  the 
brain.  In  Mammals,  tne  parts  of  the  brain 
become  still  further  folded  on  one  another, 
so  that  a  parietal,  a  Yarolian,  and  a  cervical 
bend  may  be  distinguished  (Fig.  153) :  this 
process  is  connected  with  the  further  develop- 
ment of  the  skull  and  the  rapid  longitudinal 
growth  of  the  brain. 

In  Fishes  and  Amphibians  the  cerebral 
flexure  later  becomes  practically  obliterated, 
but  it  persists  more  or  less  markedly  in  the 
Ce,  central  canal  of  the  higher  types,  more  particularly  in  Mammals. 
SiS^.'feS  In  'h"  latter  Claas,  moreover,  the  origia.1 
bnun,  which  encloseB  relation  of  the  parts  becomes  still  further 
•  theitor(/4g),oommimi-  complicated  by  the  large  development  of  the 
rtild^amd'foarth  ven^  cereW  hemispheres,  which  grow  baokwanls, 
tricles:  NH,  medulla  and  thus  gradually  overlie  all  the  other 
oblongata,  with  the  parts  of  the  brain :  this  condition  of  things 
ra^r-S'  L'S:  .ttein.  its  greatest  perfection  in  M.„. 

spheres, with  the  lateral 

ventricles  («7);  ZH,         Amphloxui. — The  Conical  and  enlarged 
twT  v^trl^J^i/z/h   «nt^"«r  end  of  '^e  spinal  conJ  of  the  I^ncelet 
eaeh  lateral  veiitrielu   Contains  a  wi<lenea  portion  of  the  central 
iiommunicatca  with  the   canal   which   must   be   looked   upon    as    a 
siim'llBpe"turc,tlie^ro-    ventricle.     This  opens  freely  to  the  exterior 
itienoE  MonTO'(/'jU).       dorsally   by  a   ncuropore,  which  represents 
the  last  indication  of  the  primitive  connec- 
tion of  the  central    nervous   system  with  the  outer  skin.     It  is 
imjKissiblo  to  say  with   any  degree  of  certainty  to  what  extent 
this  "  brain  "  of  Aniphioxus  corresponds  to  parts  of  the  Craniate 
brain. 

CyclostomeB. — The  bntin  of  tlii'-se  fonns  remains  in  many 

'  A  ao-tjillocl  "  tiftli ''  \<-iil]'JiOe.  tyiitjj  l>etwin^M  thi^  corpus callonu maud  fomin, 

isfuiiiKl  ill  .MaNiiiiiiN,  I»i1  inoi'iiholugirally  it  h:is  iictliiii),^  todo  with  the  vet) trii-les 

ptMix;!*,  ami  Biiiiplj'  lepi'EHfntN  a  HjiaiK!  lH-twi:i^ii  tlie  thin   intcnial  walls  (wjrfHM 
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respects  in  an  LMubryonic  condition  :  a  <lorsal  connection  of  its  two 
halves  by  n<^rvous  (Jenients  is  vory  iniionipletc^  narrow  bridges  of* 
nervous  substjince  only  occurring  in  the  primitive  hind-bniin,  the 
posterior  |K)rtion  of  the  niid-bmin,  the  jMisterior  coniinissure,  and 
the  ganglion  habenula»  of  the  right  side.  The  main  jwirt  of  the 
roof  consists  of  membrane  and  vessels. 

In  the  larval  Petromyzon  or  AnnnoccBte,  very  primitive  condi- 
tions are  met  with  (Fig.  1 54),  and,  as  is  also  the 
case  in  the  adult,  the  individual  vesicles  lie  in 
an  almost  horizontal  direction  one  behind  the 
other;  the  telencephalon  consists  of  a  median 
part  and  of  small  jMiired  hemispheres  con- 
tinuous anteriorly  with  th(;  larger,  rounded 
olfactory  lobes.  The  n)e<lian  portion  of  the 
telocoele  is  contiiuied  transv(?rsely  outwai*ds 
into  each  hemisphere,  in  which  it  gives  rise 
to  a  lateral  ventricle  :  this  is  continued  for- 
wards for  a  short  distance  into  the  base  of  the 
olfactory  lobe,  as  well  as  backwanls  into  the 
hemisphere.  The  roof  (pallium)  of  the  median 
portion  of  the  ventricle  is  non -nervous,  and 
consists  of  a  single  layer  of  epithelial  cells, 
which,  together  with  the  pia  mater,  has  been 
removed  in  the  preparation  represented  in 
Fig.  154,  A.  The  mid-brain  and  elongated 
medulla  oblongata  are  relatively  broad,  and 
the  cerebellum  is  represented  by  a  mere  nanow 
ledge  overhanging  the  fourth  ventricle  anteri- 
orly. The  roof  of  the  mesoccele  is  formed 
mainly  by  a  layer  of  epithelial  cells,  and,  like 
that  of  the  third  and  fourth  ventricles,  is 
covered  by  a  thickened  and  vascular  portion 
of  the  pia  mater,  or  choroid  plca^us. 

The  brain  of  Myxinoids  (Fig.  155)  shows 
many  peculiarities,  and  the  morphology  of  its 
parts  requires  further  investigation.  Its  sub- 
divisions are  broader  and  more  closely  approxi- 
mated than  in  the  Lamprey,  and  its  right 
and  left  halves  are  more  plainly  marked  off 
from  one  another  by  a  continuous  longitudinal  dorsal  furrow.  No 
pallium  is  recognisable,  at  any  rate  in  the  adult.  The  ventricles 
have  undergone  reduction,  and  present  individual  variations :  in 
the  ventral  region  of  the  fore-brain  there  is  a  small  isolated  cavity 
which  probably  represents  the  vestige  of  a  third  ventricle.  The 
broad  olfactory  lobes  are  separated  from  the  telencephalon  by  a 
transverse  furrow.  The  diencephalon  is  not  visible  from  the 
dorsal  side,  but  ventrally  there  is  a  distinct  infundibular  process. 
The  mid-brain  is  the  most  prominent  division  :  the  mes<x»cele  ends 


FUI.    153.— DlA(JRAM 

TO  Illustratk  the 
Crrbbral  Flex- 
ure of  a  Mammal. 

////,  metencephalon ; 
AfH,  mesenceph- 
alon, which  at  SB 
forms  the  most 
projecting  portion 
of  the  brain,  re- 
presenting the  so- 
called  **  parietal 
bend "  ;  NH,  my- 
clencephalon,form- 
ing  the  **  cervical 
l)end"  (NB):  the 
**Varolian  bend" 
(BB)  arises  on  the 
ventral  circumfer- 
ence, at  the  junc- 
tion between  HJf 
and  NH;  /?,  spinal 
cord  ;  K/f,  telen- 
cephalon ;  ZH, 
diencephalon,  with 
the  pituitary  body 
(//)  at  its  base. 
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stages  of  Telcrtst-s.     A  I.irgc,  iiairod,  dorsal  lobe  is  jtrcseiit  mi  thf 
iiiudiillii.' 

In  I'otroinyzon  the  piiioal  aii[>anitiis  in  represented  by  two 
vesicles,  which  are  probjvbly  the  displaced  members  of  a  pair,  each 
connected  with  the  dorsivl  surface  of  the  dicncephalon  (ganglion 
habenulse)  and  lying  one  above  the  other  just  beneath  the  roof  of 
the  skull  ;  the  integument  immediately  above  these  vesicles  is 
pigmentless.  The  cells  on  the  ventral  side  of  the  larger  dorsal 
veaicle  (epiphysis  or  pineal  organ — probably  representing  the  organ 
of  the  right  side)  are  arranged  radially  and  contain  pigment,  form- 


Fii).   156.— Tkaks VERSE  Section  up  Pinkai.  ArrABATDH  op  Pe/romyion  rnannwi. 

(After  SIrudnijka.) 

The  connective  tiraue  roof  of  the  bIeuU  (s)  ia  ieen  above,  the  roof  of  the  third 
ventricle  (di)  below. 

ing  a  kind  of  retina,  but  they  show  signs  of  degeneration  ;  the 
lower  vesicle  or  parapineai  (left)  organ,  which  probably  corresponds 
to  the  parietal  organ  of  Lizarda  {q.v.)  is  simpler  and  more  variable, 
and  is  without  pigment.  The  pineal  stalk,  arising  just  in  front  of 
the  posterior  commissure,  passes  directly  into  the  doisai  vesicle, 
and  the  ventral  vesicle  is  also  connected  with  the  roof  of  the 
diencephalon  (habenular  ganglion)  by  a  stalk.  In  Myxinoids  the 
pineal  apparatus  is  evidently  much  degenerated,  and  nothing  18 
known  of  an  epiphysis  proper.* 

Elaimobranclu.— The  brain  of  these  Fishes,  like  that  of 
Cyclostomes,  is  in  many  respects  of  a  specialised  form,  character- 

'  The  homology  of  the  parte  as  given  above  has  recently  been  questioned : 
it  ia  posBihle  that  tlie  diviaion  described  an  the  telenoeplialon  correeponda  t«  the 
diencephalon,  mid  that  tlie  "  cerebellum  "  beluiigs  to  the  mid-brain. 

'  For  the  hypophyoia  of  Cycloslomea,  nee  under  Olfactory  Organ. 


bttin  or,  mill  mnfinofl  in.  tho  gnjii)j.  though  the  pHrticitlnr  rogions 
nrt'rnneh  more  highly  developed  than  in  CycloRkimen :  the  palliiim 


Fiu,  IfiT- Drain  • 

b.o.  ulfoclary  bulbi  rfi,  bawut  cpiii1iyiiii;y,b,t«lsiiac|ihuluii  •_fl;  foiilih  viriithale  ! 
i.li,  mrnbrllurii  i  h.p.  hv|i<>|iii/ai*  i  \f,  loU  inferiorca  i  m.li,  iiilil  hnuii  luptk' 
Iiilimli  m.il,  llitoliilla  iitil'innu ;  i^,  tlUMU*  viMculnau*i  tS,  dimorphaloii  i  t  ti. 
oltiwrtory  tnct  (very  uliurt  fn  Srylliiim)  The  itpUliHliitl  wnil  vawnjUr  roof  i>l 
the  third  nnd  of  Ihi-  fourth  veiitride  has  been  remnvHl.  ii-r,  rvroliral  ncrvn 
(the  ventral  vogu*  miiUi  Am  mnitt'il  In  Bl. 

b  almtjett  exdiisivi'lv  iiltvou*.     Awjuniiiig  t">  it.i  I'xtcrnul  fiirm.  twn 
main  IviW!*  L-aii  lii'  ili«l.iMj;iii*hi'il,     Thti«in  Siiiiiiix.KiTyitiniiN,  Noli- 
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(lanus,  and  the  Holocephali,  it  is  very  narrow  and  elongated,  while  in 
the  rest  of  the  Plagiostomi  the  individual  parts  are  more  closely 
compressed  and  approximated  together  (Fig.  157).  In  almost  all 
Sharks  the  telencephalon  is  relatively  much  larger  than  any  of  the 
other  parts.  The  olfactory  lobes  arise  from  the  anterior  or  antero- 
lateral ends  of  the  telencephalon,  and  in  some  Elasmobranchs 
remain   in   close   connection   with   it:    in   others,  in  which   the 

olfactory  capsules  are  situated  further 
forwards,  they  become  drawn  out  into 
long  olfactory  tracts,  each  arising  from 
a  basal  olfactoi^y  tnherclc  and  contmuous 
anteriorly  with  an  olfactoinj  hdh  from 
which  the  olfactory  nerves  arise. 

A  division  of  the  telencephalon  into 
paired  halves  is  hardly  indicated  at  all 
in  Rays,  and  only  slightly  so  in  the 
commoner  Dogfishes  (c,g,  Scy Ilium, 
Acanthiaa),  in  which,  however,  lateral 
and  olfactory  ventricles  are  present 
(Fig.  158).  Only  in  Scymnus,  and  to 
some  extent  in  the  NotidanidaB,  is  there 
a  distinct  separation  of  the  pallium 
into  two  hemispheres.  In  Rays  there 
is  only  a  small  unpaired  teloccele,  the 
telencephalon  consisting  of  a  practic- 
ally solid  mjiss,  and  the  ol factor}'  lobes 
are  also  solid ;  in  the  Myliobatidae 
there  is  no  tmce  at  all  of  a  telocoele.  . 
The  narrow  diencephalon  is  roofed 
over  by  a  choroid  plexus,  and  the  tube- 

show  the  relations  of  the  'ike  epiphysis  (wanting  m  Torpedo) 
cavities  (aeini-diagrammatic).    may  reach  such  a  length  as  to  extend 

,  dilatation  from  which  the  beyond  the  anterior  end  of  the  brain 
metacoele  is  given  off;  dia,  for  a  considerable  distance,  and  pass 
diacfHle— the  reference  line    distal  ly  into  or  beyond  the  roof  of  the 

i:;^o"1h?inYu„TbZ,S"^  «k«ll:  no  indication  can  be  seen  of  a 
iter  (niesoc(ele),  into  which  the  parietal  organ.  A  pair  of  small  lobes 
optoctbles  {ojit)  open ;  m^ia,    — the  loU   inferiorcs — are  present  on 

;rS:  UrnT<;dian S  the  infundibu|um  and  a  s««.«  vamt- 
of  teloccele ;  rA,  rhinooa^e.       losus  ov  mfundibular  gland,  surrounded 

by  a  blood  sinus,  is  present  on  the 
sides  and  floor  of  the  infundibulum,  with  the  ventricle  in  which  it 
communicates  and  with  which  a  pituitary  body  is  connected 
posteriorly. 

The  cerebellum  is  always  very  large,  overlapping  the  optic 
lobes  and  medulla  oblongata  to  a  greater  or  less  extent :  it  is 
divided  into  sevejal  lobes  lying  one  behind  the  other,  and 
usually  contains  a  metacoele  opening  into  the  fourth   ventricle. 


Fi«.  158.— Brain  of  Cheilo- 
Acyllinm.  (From  Parker  and 
Hasweirs  Zoology.) 

Viewed  from  the  dorsal  side, 
an<l  the  roofs  of  the  various 
ventricles  removed  so  as  to 
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III  SharltH,  ftspecially  in  .Scymniis  and  the  Notidanidat,  the 
incdiillii  obloiigiitii  is  elungntcd  and  cylindrical,  while  in  Rays  it  is 
more  compressed  and  triangular ;  at  its  anterior  end  are  a  number 
of  elevations  corresponding  to  origins  of  the  nerves  arising  from 
the  gray  matter  of  the  floor  of  the  fourth  ventricle  in  this  region. 
In  electric  Rays  a  pair  of  eleclric  lobes  (p.  192)  are  present  at  this 
point,  and  these  enclose  a  mass  of  giant  nerve-cells. 

Oanoldi. — The  pallium  covering  the  median  telocoile  consists 
mainly  or  entirely  of  epithelial  and  connective  tissue  elements,  much 
as  in  CyclostomcH :  and  the  telencephalon, 
which  may  be  produced  dorso-laterafly  into 
lobes  (Fig.  159),  gives  rise  anteriorly  to 
cerebral  hemispheres  containing  lateral  ven- 
tricles and  con  tinuous  with  the  olfactory  lobes. 

The  we  11- developed  diencephalon  has  a 
marked  ventral  flexure,  and  from  its  roof 
arises  a  strong  pineal  peduncle,  the  distal 
end  of  which  extends  into  a  hollow  in  the 
cranial  roof,  but  undergoes  atrophy  in  Amia, 
becoming  completely  separated  off  from  the 
brain.'  Well-marked  lobi  inferiores  are  i>re- 
sent,  and  the  hypophysis  and  saccus  vascu- 
liisus  are  voluminous:  the  latter  consists 
largely  of  glandular  tubules  which  open  into 
the  infnndibulum,  as  in  Ehutmobranchs. 

The  optic  lobes  arc  well-marked  in  most 
Ganoids.  The  large  cerebellum  gives  rise  to 
a  vatmila  eercbelli  (cf.  Fig.  161)  extending 
forwards  into  the  ventricle  of  the  mid-brain. 

Except  that  only  the  median  wall  of  the 
pallium  IS  epithelial,  the  brain  of  Amia  on 
the  whole  most  nearly  approaches  that  of  the 
Teleosts  in  structure. 


fU,  cerebellum  ic. 
bral  hemUpheri 
dieiicephnloii  ; 
medulla      oblongata  ; 
off.l,  olfactory  lobes ; 

lohetat 


owry  loue 


Teleoita. — As  is  the  case  in  many  other 
Fishes,  the  brain  in  most  Teleosts  by  no 
means  fills  the  cranial  cavity,  and  it  is  separ- 
ated from  the  roof  of  the  skull  by  a  greater  or  less  amount  of  a  fat- 
like tissue  and  lymph  :  it  never  attains  to  so  large  a  relative  size 
as  does  that  of  Elnsmobranchs.  Its  form  varies  greatly,  more  by 
far  than  in  any  other  Vertebrate  group,  and  only  the  following 
essential  points  can  be  mentioned  hero. 


ml  the  li 
mouth-cavity  by  a   lioltow   duct,  i!< 

forms  preiKiita  other  Hperial  vliarauterH,  a , ^ 

Devonian  (lanuidH,  an  well  an  in  the  PlacndemiH,  there  wax  a  parietal  foramen 
(p   103). 

P   2 


ie  liypoulivHiH  u 

1  the  niluVt.     The   brain   of   theu 
.ml  reijuirfH  further  invmtigatiun. 
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The  pallimii  is  entirely  epithelial  in  atriicture  f  Figa.  IGO— 162) ; 
it  presents  no  median  involution  dividing  the  anterior  part  of  the 


;   Q.p,   pineal   Imly ;   II H,    I'erelKlhiin ;    Hyp,    hypiiphysif  . 

infuniliViulaui :  L.ol,  vMsu-Xary  \ahe  ;  Mtil,  spinal  i.'onl  :  MH,  inid>bniiii ;  i 

niMlulU u1)lou){)tlfl  ;  l'aU,niM\\au\\a  part  removed ). and  BQkhX  B'luO.huaA 
giuigiia(corj)orBstri»U)  uf  the t«leiicophaloit:  ^'l',  siuvuu  vasculosus  ;  Tr.opl, 
upliL' tnct :  t'/j,  lubi  infflriures:  ]'//,  Ulvneeplmtoti :  /-.V,  e«rebntt  uervca ; 
1  Rnd  2,  lirat.  ftiiil  neciniil  Hpinal  nerves  (tho  firsl  represeiiU  the  hypojjlasBal, 


telenceiihftlon  into  two  latc-ral  hemiapheres,  and  is  therefore  further 
reduced  ihan  in  Ganoids :  tht-it-  is  a  median  ventricle.     The  lower 


part  of  the  telencephalon  consists  of  \arge  paired  ba»il  ganglia 
(corpora  striata)  connected  together  by  an  anterior  commissure 
The  oifactorj-  lobca  are  either  closely  applied  to  the  telencephalon 
and  contain  a  small  ventricle,  or  they  become  differentiated  into 
olfactory  tract  and  bulb,  as  in  Elasniobranchs. 


FlC.    1«1.— LllNfJ:TIII«NAI.  VkRTIIAI,  SbOTION  TllSOlIflH   Tl 

Tint  TKLKiHrrKAS-  Bkain.   (Fuuncied  on  a  Bgiiro  of  the  Troiil'a  bntiii  I>y  llAhh 
Rilukhnnl.) 

Ag,  ilcr(me>ooii-li:);  B.nl,  X.nl,  olfiictary  1ol«  anil  nerve  ;  Ca,  luitcrinr  sonimUaiirc  -, 
Ch.  p«it4>rii>r  nptio :  Ch.n.opI,  optic  (■liiBmnk :  Ci,  '•  infcriiir  i«iii' 
niiwiirs"  :  f'p,  iDMtcrior  colnmiuure ;  Cut,  corpuii  ctruttum,  whiuli  Ilea  nii 
either itiHi<iif  the iiiiilille line;  JSp,  the  eiilthelJiiin  (eiiendyme), lining tlie  walls 
of  the  ventriolM ;  (/p,  pineHl  l>ody,  with  a  oavily  (up']  iniU  interior ;  I/,  11', 
bnophyw ;  J,  in  fundi  butum :  Li,  lobi  infenores ;  Sv,  uctub  vasculnsus  ; 
Tre,  roof  of  the  optio  lolm  ;  TV,  U>ra»  lAngitudinalii  :  fr,  pathetic  nerve :  Va/, 
valvuU  eerebelli ;  I'.rm,  common  ventricle  of  the  leonndary  fore^brain 
(telocitile)  1  V.I,  tliirti  ventricle :  t,  point  nl  whith  the  epittielialroof  at  the 
■eoondary  fore-brain  (pailiuin,  t'a)  lienuintot  uontinuou*  with  th«  lining  u[  the 
tnteriorwallof  the  pineal  tube;  above  /is  seenan  outgrowth  which  reprwente 
a  mdimentary  parietal  organ. 

The  diencephalon  is  very  small,  and  is  depressed  between  the 
telencephalon  and  mid-brain.  The  epiphysis  (Kigs.  160,  161)  is 
plainly  distinguishable,  but  it  usually  does  not  pass  into  the  roof 
of  the  skull ;  an  outgrowth  arising  from  the  roof  of  the  brain  in 
front  of  the   epiphysis   represents   the   parietal   orptn,  but.  tt\\& 
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becomes  contttricted  off  fram  the  brain  and  disappears  during 
development.*  Lobi  inferiores,  as  well  as  a  hypophysis  and  a 
glandular  saccus  vasculosus  are  present,  but  these  vary  much  in 
the  decree  of  their  development.  The  saccus  vasculosus  here  too, 
opens  By  several  apertures  into  the  infundibulum  and  is  surrounded 
by  a  blood-sinus. 

The  mid-brain  and  cerebellum  arc  extremely  large  relatively; 
the  latter  is  bent  upon  itself,  overlies  the  medulla  oblongata  behind, 
and  is  prolonged  in  front  into  the  ventricle 
of    the  mid-Drain   as  a  vaivula  cerebelH 
(Fie.  161>,  as  in  Ganoids. 

The  Teleostean  brain  is  a  further 
specialisation  of  the  type  seen  in  Ganoids, 
and  has  no  direct  connection  with  that  of 
Cyclostomes  or  Elasmobranchs. 


(Sec-tios 
oxnu.N  Bhain. 


€.•1,  corpora  itrists  ;  Ep, 
ependyme ;  /r,  frontal 
iKHie,   underneath   which 


Dipnoans. — Both  as  regards  external 
iind  internal  structure,  certain  points  of 
rt'sembliincc  may  be  seen  between  the 
brain  of  Dipnoans  and  that  of  Elaamo- 
bmnchs  and  Ganoids,  but  in  other  respects 
it  is  specialised.  In  Ceratodus,  there  is  a 
considerable  space  between  the  walls  of 
the  cranium  and  the  brain  except  in  the 
region  of  the  large  olfiictory  lobes.  The 
telencephalon  is  well  developed,  and  the 
thin  pallium,  which  is  mainly  nervous,  is 
involuted  along  the  median  longitudinal 
tion.and  bdowthisThe  line  SO  as  to  completely  separate  the  two 
^rimcningeal  tissue,  Pntj  hemispheres  from  one  another  dorsally  in 
Protopterus  and  Lepidosireni  in  Ceratodus 
they  are  partly  united  together  dorsally  and 
posteriorly  by  a  narrow  bridge  formed  by 
the  choroid  plexus.  Olfactory  lobes  arise 
from  the  telencephalon  anteriorly,  and  contain  ventricles :  in 
Ccratodus  they  overlie  the  hemispheres.  Postcro-laterally  each 
hemisphere  gives  rise  to  a  distinct  hijrpocampal  lobt.  The  pineal 
b(Kly  has  a  long  stalk,  and  its  distal  vesicle  perforates  the  carti- 
laginous roof  of  the  skull ;  in  the  embryo  Ceratodus  it  even 
reaches  as  far  as  the  integument.  The  compticiited  choroid  plexus 
in  this  region  gives  rise  to  a  large  vesicle  over  which  the  pineal 
stalk  extends.     Lobi  inferiores  are  present. 

The  well-marked  mid-brain  is  indistinctly  paired  in  Ceratodus, 
but  is  unpaired  in  Protopterus  and  Lepidosiren.     The  cerebellum 

'  A  parict&l  fdranien  \»  present  in  the  L'liibiyo  in  aeversil  Teleoata  {t.g. 
rottUB.  Salmo),  and  in  Homo  others  (e.,'/.  Cnlliehthys)  pereistB  in  the  adult  without 
a  CO]  responding  development  of  the  pineal  orgAn.  In  certain  deep-sea  forms  (e.o. 
Aruyropelecus,  Cyolothone),  however,  (he  Intter  is  comparatively  complicated, 
ana,  as  in  Vetromyam,  ccmsistii  of  two  vestcleH,  showing  regressive  characters. 


Pa,  the  palliu 
of    a    simple 


formed 
epithelial 
,    olfattory 
1,  teloccele. 


is  relatively  much  smaller  thiin  in  Elnsmobmnchs  and  Tclcosts :  it 
gives  rise  to  a  viilvula  cerebelli,  and  a  complicated  choroid  plexus 
roofs  over  the  fourth  ventricle. 

Amphibiani. — The  cerebral  hemispheres  of  the  Amphibia  are 
distinguished  from  those  of  the  Dijmoi  by  a  higher  development 
of  the  pallium,  which,  however,  is  differentiated  even  in  the  latter 
groiipinto  an  external  layer  of  nerve  fibres  and  an  internal  cellular 
layer  (central  gray  matter).  The  bsisal 
ganglia  (corpora  striata)  are  less  nmrkeil, 
except  in  the  Gymnophiona,  and  merely 
form  a  more  or  less  prominent  thickening 
of  the  wall  of  each  hemisphere  pn>jecting 
into  the  lateral  ventricle.  A  htp{>0C4nii]ial 
lobe  is  not  distinctly  developed,  but  a 
kij'jKifamjtu'i  is  represented  by  elevations 
of  the  central  gray  matter,  which  are  con- 
nected right  and  left  by  a  small  nnlcnm- 
pallia!  coiiimisiinrr  JHst  above  the  anterior 
commi.ssurn  (Fig.  l()4,  li) 

The  Amphibian  bnvin  docs  not,  how- 
ever, lead  directly  towards  that  of  Keptiies. 
Although  the  toloncephalcm  i.s  more  highly 
diH'erentiatttd  than  in  lower  forms,  the  di- 
encephalon  and  inoscncephalon  are  sim- 
pler than  in  Fishes ;  ami,  on  the  whole, 
the  brain  of  Amphibians  is  less  com- 
plicated than  that  of  any  other  Verte- 
brates, except  Lampreys. 

In  Urotieles  the  individual  parts  are 


(«/«. 


-Bkain 


'Cera- 
liorui 
(From      Pnrker 
.nd  HoBWotra  Zooloijy.) 
i.  aiiilitory  nervo  ■,  cW. 
en'bulIuiH  :  fac,     fncinl 
'jl,  glcieeouliary li- 
ne'/, niedullB  ob- 


more  elongated  and  separated  from  one 

another  than  in  Anurans,  and  the  dien- 

cephalon  is  therefore  more  freely  exposed. 

The  hemispheres  are  almost   cylindrical, 

and  the  olfactory  IoIk-s  are  distinct  from 

one  another,  while  in  the  Anura  they  are 

fused    for    a    short    distance    anteriorly 

(Fig.  164).     The  diencephalon  and  optic 

lobes  are  much  broader  m  Anurans  than 

in    Urodeles.      The   cerebellum  consists 

simply  of  a  small  transverse  fold,  and  is  csi>ecially  rudimentary 

in  Upodelejf. 

The  infundibulum  and  hypophysis  are  well  developed :  a  saccUB 
vasculosus  (infundibular  gland)  ia  no  longer  distinct  as  in  Fishes, 
but  is  represented  by  the  so-called  infundibular  process.  The 
epiphysis  does  not  extend  beyond  the  skull  in  Urodeles,  but  in 
Anuran  larvje  it  reaches  the  integument,  undergoing  reduction 
later,  when  the  bony  skull-roof  la  formed;  indications  of  its 
extracranial   portion   can,   however,  be    more   or  less   distinctly 


Koal; 

loiiaata ;  mei,  niesen- 
uephalon  ;  or,  oculoinoUir 
nerve  ;  opt,  upciu  nerve  ; 
jrro',      iMirebral       hemui- 

IihcrcB ;  rh,  olfaclory 
obes  ;  rg,  vagiw  nerve. 


COMPARATIVE  ANATOMY 


Fiij.  104.  — Bhain  Of  FRuo[(VfiMin  Umpoi-'irin).  A.  from  ubovo :  B,  from  bi 
C,  frum  the  side ;  D,  in  longitiKiinal  vertical  Hectiiin.  (A--C,  after  Um 
\},  after  l^iborn.) 

Cli,  cerebellum;  Ver.H,  (^rehral  hcniisjiherea ;  cb.plx',  in  A,  {nmphyBiB,  in  D, 
Anleroid  choTOirl  plexus  (removed  in  A) ;  rh.ih.'\  posterior  choroid  plexus 
(tela  choroidea) ;  Com  (above),  superior  ana  posterior  coniniignirci ;  Com 
{below),  anterior  commissure  Btul  anterior  pallial  conunissure  just  above  it ; 
Cr.C,  crura  cerebri ;  Di,  dienotiplialon ;  for.M,  foramen  of  Monro ;  i,  iter ; 
inf,  infundibulum  ;  Med.obl,  medulla  oblongata ;  0//./,  olfRctwylobe;  cpl.rA, 
optic  cfaiasma  :  Opl.t.  optic  lobe  ;  npf.i',  optic  ventricle  ;  pin,  stalk  pineal  of 
body  ;  pit,  pituitary  body  ;  flp.i^l,  spinal  cord  ;  i'\  tbird  vontricte  i  i>,  fMirth 

ventricle ;  I-X,  cerebral  nervea  :  I  Np,  2  Sji,  first  and  second  (  =  en  ' '" 

second  and  third)  spinal  nerves. 


h 
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recognised  even  in  the  adult  aa  a  "  brow-spot " :  thus  its 
intracranial  portion  does  not  represent  the  entire  epiphysis.'  A 
parietal  oi^n  appears  to  be  entirely  wanting  in  all  Amphibians 
with  the  possible  exception  of  some  few  Anura,  in  which  traces  of 
it  have  been  described!' 


ao,  olfkolorjr  ftrea  ;  ht,  HImmI-bI 


KuplTer.) 


Int.  [ilfoctory  iobe  ;  ir,  cerebellar 
,  superior  (habennlar)  conimiiunire  ;  rt,  central 
canftl  of  Bpinal  uord  ;  cp,  posterior  commiftnure  ;  rpn,  interior  (uillial  (hlppo- 
csinpkl)  commiMUre  i  epa,  poatflrior  optic  conimimuro  ;  rpp,  pcwterior  pallial 
comminure  ;  c;  apinal  conimUaura  ;  rir,  Hwellitigof  optic  chianina  ;  r',  para- 
phyHiB ;  km,  oerebnti  hemisphere  ;  ky,  hypnpbyniB ;  in,  interorbit&l  aepluni 
J  (uid  ■)  ventricle  of  infundibuliim  ;  o}it,  optic  chiiwina  ;  pn,  pnrietal  organ 
pek,  choroid  piexuH  on  medulla  oblongata ;  It,  hind-brain  ;  rfi,  optic  receM 
',  «ulcuH  intraencephalicuH  poBterior ;  (/>,  tnberciiliiin  poBteriim  unperiua 


IB  tranBVeraus  :  vli,  ventral  flexure  of  medulla  oblongata 
cerebellj ;  up,   posterior  ui«dulUry  velum  ;  rt,  velum  trani>verHiim  ; 
phyais. 


valvula 
.  epi. 


In  the  Gymnophiona  the  olfactory  lobes  and  hcminiphercs  arc 
relatively  larger  than  in  other  Amphibians,  and  the  hemispheres 
overlap  the  posterior  parts  of  the  brain  to  a  larger  extent.     The 

1  A  rounded  vascular  body  ariaing  from  the  roof  of  the  third  ventricle  and 
repretenting  a  paraphysiB  (p.  200)  baa  been  mistaken  for  the  epipbysu  (Fig.  164, 
A,  eh.  piz'). 

'  A  p>riet&l  foramen  was,  however,  preiient  in  the  Palteosoic  Stegocfphalt 
and  othar  extinct  Amphibia. 


r 


Km.  16e.-BRAis  oi-  IlaUfia  jiuiicfala.      A,  doraiJ  :  B,  vcTitnil  ;  nn.l  C, 
IsMnil  view. 

(,  olfactory  bulb  ;  Ch,  optic  chiasma ;  fif/tf,  ocrebral  peduncles ;  fl.ji,  pinoal 
body,  shown  in  C  contiuuoiiB  with  llio  parieUl  cjo  if'ai,  ajid  only  indionUsd 
iliagniintiiitlically  in  A  ;  A,  nnull  elt!\alion  in  front  of  tlii'  cvrelwllum  :  HII, 
cerebellum  :  H^,  liypophyoie ;  Inf.  intundibuliim  ;  Lp.tmKeaB  of  the  hcnii- 
sphere  representing  a  bippocainpn.1  lobe  ;  Iwlween  Lp  anil  Ci//$isadeepgronve 
{Jovm  limbiea^  between  tbe  olfactory  lobe  and  pallium  ;  Atfit,  tpinal  oord  ; 
MH,  optic  lobea ;  NH,  medulla  iiblonMta  ;  yapt,  optic  nerve ;  R',  onrved 
riilge  a^  tlie  base  of  the  optic  lolie  :  TV,  optio  tract ;  VH,  oerebral  hcmi- 
apheree ;  J-XIl,  oerebral  n 


r 


Fio.  I«7.— Braiw 


'onlrul ;  unil  C,  laMrsl  view. 


B  ol.  oUttotorv  liulh ;  (l.p,  piiienl   b™]y  i   ////.  oerebeHiim ;   Wy/i.  hypophy.ia  i 
Jnf,  mfnii.libiiliim  :    iM.  ■piiml   cord;  jWff.  optin  lolies  :    Sff,   medulU 

- r//.  wrebral  h — -""^ .n..k  ->»  ^i,i,.i, 

iov>inii«1  lobe  p 
7V.0W;  Z//,  dicnpephttlor 


•Alonatt* :  Tro.  olfart-irj  Irwl :    T//.  wrebral  hBniwphBres,  <*.*  of  * 
KiVB»  risemntero-liiWrslly  r«H  liij>p™»mii»l  lobe  parUaUv  overlying  tl 
uMuling  opllo  tract.  7V.oirf;  Z//,  dicncephttlon  ;   /-.Y//.  of-rnbriil 
iTa.  tirsl  An.l  » 
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infundibulum    and    hypophysis   extend    far    backwards :    detaila 
regarding  the  pinijal  apparatus  are  not  known. 

RcptUei. — The  brain  of  Reptiles  reaches  a  considerably  hifl;her 
stage  of  development  than  that  of  the  forms  already  described, 
and  the  individual  parts  overlie  one  another  to  a  greater  extent, 
especially  in  the  Agam%  and  Ascalabotsp. 

In  the  brain  of  Dipnoi  and  Amphibia  there  arc  comparatively 
few  cellular  clementH  in  the  outer  layer  of  the  pallium,  and  the 
larger  masNcs  of  cells  (contnil  gray  matter)  line  the  ventricles : 
in  the  K«ptilia  a  peripheral  shifting  takes  place,  giving  rise  to  the 


Fio.  IBS.— Skcttii  or  the  Pineal  Am'aratus  of  Hattrria.    (After  Deody.) 


formation  of  ji  deKnitr  corUx,  containing  the  characteristic  pyra- 
midal cells  such  as  are  present  in  all  the  higher  Vertebrates,  It 
appears  that  the  first  diflercntiation  of  a  cortex  phyiogenetically 
was  connected  with  the  olfacti>ry  sense :  while  in  Fishes,  for 
example,  the  olfactory  tracts  terminate  in  the  corpora  striata,  moat 
of  their  fibres  extend  into  a  definite  region  of  the  pallium  from 
Reptiles  onwards.  Thus  an  "  olfactory  cortex  "  is  formed,  to  which 
other  centres  arc  gr.ulually  addc<l  in  the  ascending  series  of 
Vertebrates. 

The  paUial  commissures  (Fig.  165),  like  those  of  Amphibians, 
are  not  large  relatively,  but  in  addition  to  an  anterior  pallial  or 
hippocanipal  commissure,  traces  are  present  of  a  so-called  "fornix  " 
(posterior   pallial   commissure,  p.  201);    the   hippocampal  lobes 


BRAIN  221 

with  their  choroid  plexuses  arc  much  more  distinct  in  many  cases 
{e.g.  Hatteria,  Chelonia,  Crocodilia). 

The  olfiictory  lobes  may  be  closely  applied  to  the  hemispheres 
{e.g.  Anguis,  Amphisbsena,  Typhlops),  or  may  consist  of  a  well- 
marked  olfactory  tract,  passing  anteriorly  into  an  olfactory  bulb 
from  which  the  nerves  of  smell  arise  {e,g.  Hatteria,  Lacerta, 
Crocodilus).     Olfactory  ventricles  are  usually  present. 

The  diencephalon  is  always  depressed,  and  is  hardly,  or  not  at 
all,  visible  from  the  dorsal  side.  A  distinct  hypophysis  and  in- 
fundibulum  as  well  as  an  epiphysis  are  present,  and  in  most 
Lizards  the  parietal  organ  (cf  p.  202)  retains  more  or  less  distinctly, 
even  in  the  adult,  the  structure  of  a  median  eye.^ 

This  parie^aZ  eye  (Fig.  168)  is  situated  in  the  parietal  foramen 
of  the  skull,  and  is  in  close  connection  with  the  more  posteriorly 
situated  pineal  organ,  though  in  the  embryo  the  nerve  which 
supplies  it  is  seen  to  arise  independently  from  the  brain,  in  front 
of  the  pineal  outgrowth.  It  has  the  form  of  a  vesicle,  the  dorsal 
wall  of  which  may  become  thickened  to  form  a  transparent  lens- 
like body,  while  the  rest  of  the  wall  consists  of  several  layers  and 
forms  a  pigmented  "  retina,"  with  which  the  more  or  less  rudi- 
mentary nerve  is  continuous.  The  vesicle  is  surrounded  by  a 
vascular  connective  tissue  capsule,  and  in  many  cases  the  integu- 
ment immediately  overlying  it  is  pigment  less  and  transparent, 
forming  a  kind  of  cornea.  Traces  of  a  vitreous  body  have  also 
been  observed.^  Various  degrees  of  reduction  of  the  "retina" 
and  other  parts  as  they  occur,  e.g.  in  Hatteria,  are  seen  amongst 
Lizards  {e.g.  Lacerta,  Anguis),  and  the  organ  may  be  recognised  in 
a  simpler  form  in  embryo  Snakes. 

As  in  all  the  Amniota,  two  chief  divisions  can  usually  be  recog- 
nised in  the  infundibulum  of  Reptiles:  a  dorsal  vascular  and 
glandular  body,  corresponding  to  the  sjvccus  vasculosus  of  the 
Anamnia,  and  a  more  ventml  infundibular  portion,  the  glandular 
character  of  which  is  still  retained  to  some  extent  in  the  Sauropsida, 
but  there  is  no  opening  into  the  ventricular  cavity. 

In  the  mid-brain  the  two  well-marked  optic  lobes  in  some  cases 
show  indications  of  a  further  subdivision  into  four ;  from  them  the 
optic  tracts  pass  downwards  and  forwards  to  the  chiasma.  The 
cerebellum  is  relatively  small,  except  in  the  Crocodilia  (Fig. 
167),  in  which  it  consists  of  a  thicker  median  lobe,  and  of  two 
lateral  portions.  The  medulla  oblongata  has  a  marked  ventral 
flexure. 

Birds.' — The  avian  brain  (Fig.  109)  is  of  a  very  peculiar  type: 
it  has  few  points  of  resemblance  to  that  of  Mammals,  and  is  ver}^ 
different  from  that  of  Rei)tiles,  though  esp(»eially  jis  regiirds  its 

^  A  parietal  organ  is  wanting  in  (iecko,  Anieiila  and  Tejufl,  and  there  in  no 
pineal  organ  in  the  Crocodile. 

*  The  paraphyHis  gradually  extemlH  l)eneath  the  epiphysial  outgrowth,  and 
forms  a  Bort  of  cuHhion  under  the  parietal  eye. 
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iiidividiiiil  sections  it  is  more  or  less  comjianvble  to  that  of  certain 
of  the  latter  {e.g.  Chelimift).     Tlie  basal  ganglia  (corpora  striata) 


lin  I 

of         J 


the  hemisphei-es  reach  a   relatively  larger  sisie  in  Binls  than  i 
«n_y  uther  Vertebi-iites.      An  advance  im  Hepliles  is  seen 
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coniiPtttiitna  of  the  ]inlliiil  mrtox  in  varioim  directions,  nml  in  many 
Binis  inrJicHlions  of  cortical  centifn  can  nln'ody  bo  recognised, 

In  the  well-develojHvl  hemiflpheres  frontnl.piiriolal.and  Lcniporal 
regitins  can  be  recognised  :  their  surfaci-  is  jicrCectly  smooth,  and 


Pl»i.  170.— Braik  fiF  Kabbit.     A.  ilonul ;  B,  venlrul  i  nnd  C.  Uter»] 


J,  oMnoUiry  bulb ; 
nrunirvrebri ;  r/i,  pinai 
ti,h,  i<(Te1i«lllltn  1  hi,  hi|ipumm[Mil  lolic  ;  \p,  hypopliyni* ;  n 
m.d,  medulla  obloiiguUi  ^,i'.  puiis  Varulil  ;  ry,  rriinftl  fioiurt 
irkcl :  i-xii.  corRbml  iiprvv*. 


thtf  Inleral  ventricles  are  not  extensive.  Thc^  different  parta  of  the 
bmin  overlie  one  another  much  more  markedly  than  inany  Reptile, 
and  the  hi-inispherea  are  mueh  larger  n'latively,  ei.vering  over  the 
diencephaliin  iiiifi  piirt  of  the  mid-brain.     The  ulfaetory  lobes  are 
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IKKjrly  Hevi?lope»l.>     The  flistiil  enliirged  end  of  the  pineal  bixfy 
extends  as  far  as  the  drim  tnater,  and  the  structure  of  the  iDtenuvi 


mtral :  anil  C. 


V  RgKnrea;  B.ol,  tilfacl'iri 


.alb ;  (V.^,  i; 


■a  cerehri  ;  Fi.jt, 


Uiry  haV 
daimtv  :  FS.  Sylvian  fiuure ;  HH.  InU-r^  lobp.  and  HH\  fiooculus  u 
bellum  :  Hfp,  liypopli\'itH  :  Llf,  hippofuunl  lobe  ;  Mtil.  spiiial  conl ;  NH, 
BiMiulU  oMungata  -.  Pa,  poiu  Varolii ;  Ht,  rhin&l  linur? ;  Sc,  tulcnn  cmd- 
■tus:  TO, olfwUiry  tract ;  !'//.  Mivbral  liHiniapherea  ;  H'h. superior  lennis : 
t-Xtl.  fwivbral  nerve*. 

(Mui  llf  the  orj^uii  reacQibldS  that  uf  a  tubular  gland,  penetrated  hy 
BbruiiR  tissue  and  blood-vessels.  Tht;re  is  no  trace  of  a  parietal 
organ. 

'  Thi-  <uirt.h«(l  Kinla  nl  the  I'retiinMUB  ppriiMl. 
hMiI.  po«»p«Ml  a  very  lowly  orsiini»«t.  rtptiliati  f 
beiiiiapbrra  uirl  large  olfactorj'  lolien. 
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The  cerebelliim  consisba  of  a  well -de  vol  oped  and  folded  median 
lobo,  and  of  two  lateral  portions  (Hocciili),  which  vary  much  both 
in  form  and  size.  Posteriorly  it  completely  covera  the  fourth 
ventricle.  The  two  optic  lobes,  in  which,  as  in  certain  Reptiles,  a 
subdivision  ia  indicated,  are  separated  from  one  another  and 
pressed  downwards,  so  as  to  lie  at  the  sides  of  the  brain  in  the 
angle  between  the  hemispheres,  cerebellum,  and  medulla  oblongata, 
and  they  are  connected  by  a  broad  commissure.  The  ventral  side 
of  the  short  medulla  shows  a  marked  flexure,  bending  upwards  to 
the  spinal  cord. 

Mammals. — The  brain  in  embryo  Mammalia  is  very  similar 
to  that  of  the  Sauropsida,  but  the  subsequent  differentiation 
of  its  parts,  and  more  particularly  that  of  the  pallium,  gives  it  a 


tpridr  iMinniiBHiu'e ;  rU.  I'ervlwllum  :  r-,?NniH.  Liirpus  ninminillitre ;  r.7u, 
lobcH  ;  eritr,  crura  cerebri;  »/«,  tpiphj-BU,  with  tho  posterior  tom- 
e  iinme>liat«iy  beliinil  it ;  /.mun,  pmition  of  foramen  of  Monro ; 
I.  hippocamunl  L-omtnimnre.  conxinting  here  of  two  tayera,  continuous 
ntenor  beiiil,  the  Bpleiiiuni,  aomewiiat  divergent  in  front  where  the 
pophjais  ;  m«(i,  meilulia 
roctury   lobe ;   opt,  optic 


very  special  character.  The  cerebral  cortex  becomes  much  ni<ire 
highly  developed  and  in  many  Mammals  ia  more  or  less  markedly 
convoluted*  (Figs.  171  and  173,  b).  In  others,  again,  the 
surface  of  the  hemispheres  remains  smiK>th  (Fig.  170),  but  a 
subdivision  into  lobes  (frontal,  parietal,  ixscipital,  and  tempriral),  as 
well  as  certain  fissures  {e.g.  rhinal,  hippocam{)al,  CAllosal)  can 
always  be  rco<»gnised  to  a  gi-eater  or  less  t-xtt-nt,  imd  the 
hemispheres  are  relatively  so  large  as  to  cover  over  the  more 
[Kjsterior  parts  of  the  brain  ;  in  some  of  the  lower  forms,  the  mid- 
brain can  still  he:  seen  from  above,  while   in  the  higher  types 

>  It  is  oni 
amongst  the  vi 
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(Primates)  even  part  of  the  cerebellum  is  hidden  (Figs,  173,  A 
and  b),  although  this  is  to  a  greater  extent  the  case  in  some  of 
the  lower  Apes,  with  smooth  hemispheres  {e.g.  Hapale,  Chrysothrix), 
than  in  Man.  No  satisfactory  explanation  has  so  far  been  given 
for  the  different  degrees  of  convolution  seen  amongst  Mammals : 
as  a  general  rule,  the  brain  in  lower  and  smaller  types  (except,  e.g. 
in  Echidna)  is  less  convoluted  than  in  higher  and  larger  ones. 

The  numberof  fibres  radiating  from  the  cortex  (corona  radiatn) 
is  very  small  in  lower  types  (e.g.  Rodents),  and  largest  in  Man.  A 
complex  network  of  fibres  in  the  cortex  itself  connects  its  various 
parts   together,  and   other   strong   bundles   extend   through  the 
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Fio.   173a. — Hitman  Brain.     Meilian  longitudinal  vertical  aection. 
(Mainly  after  Reichert.) 

corpus  callonum  ;  (7,  fiimix,  vhich  extends  anterO'Veiitrally  to  the  lamina 
torminalia  (Co/),  in  the  upper  part  of  wliicli  ie  aeen  the  anterior  cnmmiHHiire 
(Co),  and  between  the  latter  and  the  optic  thalami  (To)  the  foramen  ot 
Monro  {FM) ;  H,  pituitary  body  ;  HH,  cerebellum  ;  MM,  corpora  bigemina, 
with  the  iter  (Aq\  anterior  to  which  is  seen  the  posterior  commiamire  (t^p) ; 


hemispheres  connecting  individual  regions  of  the  pallium  with  one 
another.  The  commissures  between  the  hemispheres  known  as 
the  em-pus  callosum  and  foniii:  (Fig.  173,  a)  are  also  much  more 
highly  developed  than  in  other  Vertebrates.  The  former  is  an 
important  structure  in  the  higher  Mammalia,  its  development 
corresponding  to  that  of  the  pallium:  ifcestends  upwardsand  then 
backwards  from  the  region  of  the  lamina  terminalis  in  the  form  of 
a  thin  plate,  and  reaches  its  highe?t  development  in  Primates. 
A  corpus  callosum  is  apparently  wanting  in  Monotremes  and 
Marsupials,  in  which  a  kipporampal  cotmnissure  is  present  in 
the   position   of  the  body  of  the  fornix,  just  above  the  anterior 
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coininisstire  {Kig.  172,  luid  ct.  pp.  201  and  220).  niid  the  bmin  i>f 
these  fi)niis  n-niaiiiH  nt  ft  pi iu)|>ani lively  K.w  staije  of  ilovcloprnont : 
the  nnteriiir  (bv^nl)  ooitiiiiissnre  is  coiii{inmtivi-ly  Iftrgp,  whoreaB 
in  the  Eiitheria  its  rektive  size  is  in  invcrNC  proportion  to 
that  of  the  mon>  iniixirtant  corpus  callosnm.  In  Edontates  the 
brain  is  also  of  a  low  type,  and  the  sjune  is  tnie  of  that  of  Rodents, 
Insectivores,  and  Bats,  though  ft  consi<1emble  advance  is  here 
seen  as  compared  with  Marsupials.  A  large  middle  commismre 
connects  the  two  optic  thalanii. 

In  additi<m  to  the  lolies  mentioned  above,  a  eeiitrnl  lobe  of  the 
hemispheres  is  pr(.'aent  in  Primates,  and  increases  in  development 
in  passing  fn.m  the  Gibbon,  Omn^,  Chimpanzee,  and  Gorilla,  iip 
to  Rlan.  But  there  is  no  jnstificatiun  for  the  statement  that  "  the 
himian  bmin  is  only   an  enlarged  anthropoid  brain,"  for  in  the 


Pia.  17311. -(;■•; 


IlKAiN.     (Art<r  A.  K.kpr.) 


1,4.1*.  Rupprior.  miilille.  itnil  itiftrior  fn>ntiil  gyri  ;  im,  tliK  I'alkwiMnnrifinal  hiiIcur 
on  tiM-  d..rwl  Biirfaip;  FS.  Sjlviati  fiwiitt- ;  ////.  c«wl*lliim ;  l^.  froiiUl 
lolie ;  A«.  uucipital  lolw  1  /.;i,  pnrifUil  I(il>a  ;  NJ/,  iiiiiIiiUh  oblrnigHta;  I'o, 
parieUi-iHvipilsl  (iiHiire  ;  /'.  /",  i<ii|wricir  anil  iiifcriiir  jiiirietal  gyri  Hemratvtl 
from  (Mie  another  b,v  tlic  iiitiqiark'Ul  tiMturv  {/) :  /T.  K\nm\  coni :  T,  Uiii- 
puTfti  lobv  ;  X,  e  I,  antvrior  and  poaUtrior  uentroi  i-niivnliitionH,  wj)arale<l  fnim 
one  another  l>y  the  tiiRiire  of  KoUnilo  {It);  I  to  3,  siijfertor,  miilill^,  nnd 
inferior  Mni]ii)ral  I'onvuiiitionii. 

former  a  number  of  entirely  new  regions  have  been  acquired, 
especially  as  regards  the  fnmtid,  tem|)oml,and  central  lobes,  which 
have  consequently  undergone  extension. 

In  corn^sjMmdence  with  the  divisiim  uf  the  hemisphores  into 
lobes,  there  is  a  differentiation  of  the  lateral  ventricles,'  so  that  an 
antn-im;  a  jiitstn-wi;  and  an  infrrlirr  vtyrnu  can  bo  distingnishecl 
in  each ;  the  interior  cornu  extends  into  the  tem]K>rat  [Mirtion, 
which  corrcs{>ondN  to  the  hip{K>camj)al  lobe  of  Keptih's,  and  an 
eminence   on   its   floor,   the   hijfjuicmnpwi  vnijur,  ^  f<)rni<-<l   us  an 

'  The  vcntricleH  arc  lined  liy  epithetiiiiii  {uiwiiilyine).  wliifili,  Btreiigthitinil  hv 
cnnnertive  tiiwiie  taycrx  d>:rivc<l  from  the  pia  mater  [Mir  rhoimtlfif),  also  foniiii 
the  roofa  of  the  thin!  unil  fourth  vi-nlriclea  and  i-xtonda  inlii  lhn  lateral  ventrii'le« 
aa  pltrna  rhttniiiri. 

'  The  hipput'BinpHl  sj-itttni  hiui  iiiiitortant  I'elHtionH  io  llie  DKactiiry  I'entre. 
The  gj/riu  driilaliii'  {Jiinrin  iIhiMh)  «ii<1  thejlmliria  arisB  in  eloHC  I'onnection  with 
the  hippocampUR,  tliv  liniliria  having  intimate  relationH  to  the  funiix. 
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involution  of  the  median  wall  of  the  hemisphere,  is  much  more 
marked  than  in  lower  forms  :  the  line  of  involution  is  known  as 
the  hippocampal  fissure. 

The  central  olfactory  apparatus  (rlmuncephalon)  in  its  entirety 
is  represented  by  the  olfactory  bulb,  peduncle,  and  tubercle,  the 
piriform  lobe,  and  the  hippocampus,  and  is  separated  from  the 
pallium  by  the  rhiiial  fissure  (Figs.  170,  171).  This  fissure  is  in 
close  relation  to  the  splenial  (callosal)  fissure,  which  bounds  the 
s^ipracallosal  gyrus  dorsally,  extending  more  or  less  parallel  to  the 
corpus  callosum.  The  Sylvian  fossa  or  fissure  is  also  a  typical 
fissure :  it  is  situated  at  about  the  middle  of  the  rhinal  fissure, 
and  in  the  higher  Mammals  is  overlapped  by  the  pallium  so  that 
the  fossa  is  converted  into  a  fissure.  In  Carnivores,  Cetaceans,  and 
Ungulates,  three  gyri  arch  over  the  Sylvian  fissure,  one  above  the 
other,  and  are  separated  by  the  so-called  arcuate  fissures  (Fig.  171). 
The  upper  of  these,  bounded  above  by  the  longitudinal  pallial 
fissure,  is  spoken  of  as  the  marginal  gj- rus.  Along  the  lateral  sur- 
face of  the  hemisphere,  the  cincciate  sulcus  (the  homologue  of  the 
central  sulcus  or  fissnre  of  Rolando  of  Primates)  extends  upwards 
to  the  pallial  fissure.  Characteristic  of  the  brains  of  all  Apes  except- 
ing those  with  smooth  hemispheres  is  the  paritto-occipUal  sulcus, 
between  the  parietal  and  occipital  lobes :  in  Man,  the  lateral  parts 
of  this  fissure  are  more  or  less  indistinct  (cf  173,  B,  in  which  other 
gjTi  and  sulci  of  the  human  brain  are  shown). 

The  corpus  striatum  is  surrounded  and  perforated  by  fibres 
passing  down  from  the  pallium  (anterior  limb  of  the  internal 
capsule  of  Primates).  Unlike  the  corresponding  stnicture  in 
other  Vertebrates,  the  corpus  striatum  of  Mammals  becomes 
gradually  more  deeply  situated,  and  is  comparatively  small  as  com- 
pared with  the  rest  of  the  brain. 

The  olfactory  lobes  usually  extend  forwards  freely  from  the  base 
of  the  telencephalon,  and  each  may  retain  throughout  life  a 
prolongation  of  the  lateral  ventricle  {e.g.  Perissodactyles) ;  in 
some  cases  {e.g,  numerous  aquatic  forms  and  Primates)  they  are 
completely  covered  by  the  frontal  lobes.  The  degree  of  their 
development  is  in  proportion  to  that  of  the  olfactory  sense,  and 
they  may  even  be  entirely  reduced  (cf.  under  Olfactory  Organ). 

The  pineal  body  is  displaced  downwards  by  the  hemispheres 
and  lies  against  the  anterior  lobes  of  the  mid-brain,  not  reaching 
to  the  roof  of  the  skull  and  brain-membranes.  Its  bifurcated 
peduncle  connects  it  with  the  roof  of  the  diencephalon  and 
contains  nervous  substance:  its  distal  end  has  the  form  of  a 
rounded  or  oval  sac,  consisting  of  compact  epithelial  tissue  and 
containing  concretions.  A  parietal  organ  is  wanting.  Traces  of 
the  saccus  vasculosus  and  lobi  inferiores  still  occur,  even  in  Man, 
in  connection  with  the  infundibulum. 

The  mid-brain  (corj)ora  bigemina)  is  of  smaller  relative  size 
than  in  other  Vertebrates.     A  transverse  furrow  across  the  solid 
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optic  lobes  subdivides  them  into  an  anterior  larger  and  a  posterior 
snialler  pair  of  lobes  (cf.  p.  221). 

The  division  of  the  large  cerebellum  into  a  median  and  two 
lateral  portions,  already  indicated  in  Reptiles,  is  carried  to  a  still 
further  extent  in  Mammals.  The  median  portion  gives  rise  to  the 
sn-c«llc(l  SKjKrior  vermis,  while  the  lateral  parts  form  the  lateral 
lobts  and  fiocatli  (Figs.  170,  171).  In  Carnivores,  certain 
Edentates,  Pigs,  and  Lernurtf,  the  verniii*  is  relatively  large  as 
compared  with  the  lateral  [wrtions ;  while  in  Cetaceans,  ElcphantH, 
Apes,  and  Man  the  latter  are  more  highly  doveloped  and  the 
median  lobe  reduced.  The  two  lateral  lobes  of  the  cerebellum  iiro 
connected  by  a  laige  commissure,  the  pons  Varolii ;  this  extends 
round  the  mcdnlla  oblongata  veiitmlly,  and  is  more  largely 
developed  the  higher  we  jnihs  in  the  mammalian  series.  Other 
bands  of  nerve-fibi-es  connecting  the  cerebelhim  with  various  ]>arts 
of  the  brain  are  spoken  of  as  the  anterior,  middle,  and  posterior 

i         I  !  Lfhr 


,. _       _.^ _  .   _    .   .   .       1  mwlullu  oA  curalielluni ; 

Cap.  crura  cereboUi  ail  ponLcni  ;  CO.  crura  {pixlunrnii)  cerebri  ;  tW,  corpus 
-•-■~' ""    .."-»V"ii.""  .    ^.V,  hcmia)>liLTu  ;    L,  lonintscut  ;  /',  Jions ; 


peduncles  of  the  cerebellum,  the  relations  of  which,  and  of  the 
crura  cerebri,  are  indicated  in  Fig.  174. 

A  study  of  the  bntin-costs  in  certain  North  American  Elocene 
forms  is  very  instructive  fn»m  an  evolutional  jwint  of  view,  and 
shows  that  the  brain,  and  more  esi)ecially  the  fore-brain,  in  these 
animids  was  <if  extremely  small  sixc  relatively  (Fig.  175).  The 
bmin  of  Dinoceras  inirabile  might  easily  be  mistaken  for  that  of 
a  Lizard,  and  was  so  small  that  it'could  easily  be  drawn  through 
the  greater  part  of  the  neural  canal :  in  the  Cretaceous  Dinosaurian 
Triceratops,  the  brain  was  apparently  still  smaller  relatively.  The 
olfactory  nerves  were  extremely  well  developed  in  these  forms. 

In  connection  with  the  importance  of  the  brain  in  moilelling 
the  fonn  of  the  skull,  it  may  be  mentioned  that  in  many 
Mammals,  including  Man,  the  outer  surface  of  the  skuVV  m  N«t\wv4. 


no 


COMPAUATIVE  ANATOMY 


{mrtt*  shows  a  kind  uf  relief  of  certain  underling  portions  of  the 
>min.  In  some  cases,  only  the  lar^r  divisions  of  the  bi'ain 
(cerobrmn  and  cc'rebellum)are  thus  indicated  externally;  in  others, 
iiroliofuf  the  convolutions  is  also  !^cen,  and  in  M u stela  and  Lutra.  for 
I'xitinple,  it  i»  almost  complete  on  the  lateral  portions  of  the  skull 


Vui.   17'!.— Casts  of  thi;  Brainh  <ir  Vakliius   Euckkb   Mammals. 
(After  MarHh.) 
Skiill,  with  l>rdin  iii(ti<»UHl,i>f  .4.  Tilloihei-UinifixHam  ;  B,  Hroiitolhei-iam  ingeiu : 
C,  Coryjihoitoii  AinixttHn  ;  unil  I}.  DinoeeriM  mirabUe.    E  ami  t\   ventral  and 
lat«ral  views  of  the  bruin  uf  IHuoetm*  miivhik. 

covered  by  the  teuiporal  niiiHcloM,  and  may  even  extend  dorsaliy 
to  the  middle  line. 


II.   PERIPHERAL  NERVOUS  SYSTEM. 

Two  principal  groups  of  peripheral  nerves  may  be  distinguished, 
viz.,  spinal  and  cerebral,  that  is,  those  which  arise  from  the 
spinal  cord  «nd   brain  respectively;   between  them  is  an   inter- 
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Fic.  1T6. — DiAiiHAM  it.LrsTit.iTis a  the  Origin,  Coi'mmk,  and  Tehucnation  ur 
THE  Motor  and  Sbssobv  Piiirkh  op  tiik  Spinai,  Nkrvks,  ah  wkij.  as  the 

REL.tTII>NM  lyy  TIIE   SBSmiKV   ClII.LATKRAI.   FlItUKS  Tu   THK   PcUNTS  OF  UkI(1I>I 

I'F  THE  VentraI.  Ruots.     (After  -M.  v.  LenhoAsvk.) 

The  nptnal  ootA  ia  nhown  an  if  tranapurGnl.  Thv  fibree  of  the  venlral  rootii 
arise  from  the  motor  celU  of  the  ventral  coniua  uf  the  uray  mutter  (a)  and 
end  ill  linu  broncheH  on  the  ilriuted  muBcle-fihre*  (c).  Tlie  spinal  ganglion 
{'!)  in  nhown  relatively  much  larger  than  in  reality,  ami  in  it  only  a  Ringle 
unipolar  nerve-cell  is  repretciited :  the  i^ntnpetal  fibre  of  the  Utter  is  aetu 
entering  the  dorxal  root,  and  at  e  bifunntes  in  the  spinal  conl  iiituan  auterior 
(/)  and  a  posterior  iy)  branch,  each  of  which  enils  freely  in  the  gray  substance. 
hnt  giving  off  numerous  collateral  KbrcB  |*).  The  ceiitrifngallibreof  the  cell 
in  the  spinal  ganglion  forms  a  peripheral  sensory  flbrc  extending  to  the  skin, 
when:  part  of  it  is  shown  cniling  in  line  branches  in  the  epiderm  <i),  ariothei 
part  forming  a  coil  in  vonnectiun  with  a,  tactile  corpuscle  \t). 

iiictliate  group  known  as  the  spino-occipitnl  netxcs.  By  their  means 
11  physiological  connection  is  established  between  the  periphery  of 
the  bctdy  nnfl  the  central  nervous  system  both  in  centripetal  and 
centrifugal  directions. 
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EctOihrnt 

Iftvr<d  rhf^e 

^ 

The  spinal .  nerves  retain  the  more  primitive  and  simple 
relations,  and  all  show  a  similar  arrangement  along  both  dorsal 
and  yenti-al  regions  of  the  spinal  cord,  so  that  each  segment  of  the 
t runic  possesses  a  do^^sal  and  a  ventral  pair.  The  former  consist 
mainly  of  afferent  (centripetal)  or  sensot^,  the  latter  of  efferent 
(centrifugal)  or  motor  fibres  (Fig.  176). 

Each  dorsal  or  sensory  nerve  has  a  ganglion  in  connection 
with  it,  while  on  the  ventral  nerves  a  ganglion  is  wanting,  except 
in  the  embryo  of  certain  Fishes.  The  ventral  nerves,  which 
mainly  supply  the  great  lateral  muscles  of  the  trunk  and  their 
derivatives,  arise  as  direct  outgrowths  from  the  spinal  cord,  while 
the  dorsal  nerves  first  appear  as  outgrowths  from  their  ganglia, 
coming  into  connection  with  thecord  secondarily.  The  ganglia  them- 
selves are  developed  from  a  nenral  ridge  of  ectoderm  cells  lying 
close  to  the  junction  of  the  medullary  cord  and  outer  ectoderm 
(Fig.  177).     On  the  distal  side  of  each  ganglion,  both  nerve-roots 

almost  always  become  bound 
up  in  a  common  sheath,  though 
many  facts  seem  to  indicate 
that  in  the  ancestors  of  exist- 
ing Vertebrates  the  dorsal  and 
ventral  roots  remained  dis- 
tinct, as  in  fact  is  still  the 
case  in  Amphioxus  and  Petro- 
myzon. 

In  addition  to  the  somatic 
afferent  and  efferent  fibres, 
which  innervate  the  skin  and 
muscles  of  the  dorsal  and 
lateral  ix)rtions  of  the  myo- 
tomes, certain  afferent  and 
efferent  visceral  components 
also  pass  through  the  dorsal 
and  ventral  nerves.  The  former 
are  in  connection  with  ganglion  cells  of  the  sympathetic  system, 
situated  more  peripherally,  and  pass  along  the  dorsal  roots; 
while  the  latter  arise  from  nerve-cells  in  the  ventro-lateral  regions 
of  the  spinal  cord,  and  pass  out  through  both  the  dorsal  and 
ventral  roots,  without,  however,  having  any  physiological  connection 
with  the  ganglia  of  the  former.  These  supply  the  muscles  of  the 
viscera  and  blood-vessels  which  originate  from  the  lateml  plates  of 
the  mesoderm  (p.  9),  but  do  not  innervate  the  skeletal  muscles. 

The  common  nerve-triLnk  formed  by  the  junction  of  the  two 
roots  divides  up  again  into  a  doQ^sal  and  a  ventral  branch,  containing 
both  afferent  and  efferent  somatic  fibres,  and  a  visceral  branch, 
containing  afferent  and  efferent  visceral  fibres.  The  first  of  these 
goes  to  the  muscles  and  skin  of  the  back,  the  second  supplies  the 
lateral  and  ventml  portions  of  the  body-wall,  while  the  visceral 


Spinal  'Oi'd 
FlO.    177. — DlA(iRAM  OF  THE  EMBRYONIC 

Shinal  Cord  and  the  Neural 
Ridge  from  which  the  Spinal 
Ganglia  are  Pifferentiated. 
(After  J.  S.  Kingsley.) 
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bnmch   supplies  the   viscera    and    is    in    connection    with    the 
sympathetic. 


1.    SPINAL     NERVES. 

As  a  general  rule,  each  corresponding  piir  of  dorsal  and  ventral 
nerves  or  nerve-i'oots  lies  in  the  same  transvei'se  plane  :  an  excep- 
tion to  this  is  seen,  however,  in  Cyclostomes,  Elasmobrdnchs,  and 
Dipnoans,  in  which  each  ventral  pair  alternates  with  a  dorsal 
pair.^  In  Ganoids  also,  lateral  disphvcements  of  the  nerve-roots 
are  met  with. 

In  Fishes  the  greatest  variations  are  seen  as  regards  the  mode 
of  exit  of  the  nerves,  which  pass  through  the  intercalary  pieces 
of  the  vertebral  column,  or  between  the  arches  ;  but  from  Amphi- 
bians onwards  the  nerves  always  make  their  exit  on  either  side 
between  the  arches,  through  the  intervertebral  fommina. 

In  their  primitive  unditterentiated  condition  the  spinal  nerves 
have  a  strictly  metameric  arrangement,  and  are  equally  developed 
all  along  the  body.  In  the  region  of  the  developing  extremities, 
the  nerves  bifurcate  and  extend  into  the  limb,  each  forming  a 
dorsal  extensor  and  a  ventral  flexor.  This  primary  condition 
becomes  complicated  by  the  fact  that  the  extensions  of  the 
myotomes  into  the  limbs  do  not  all  become  ditterentiated  simply 
into  a  doi'sal  and  a  ventral  portion,  and  thus  it  becomes  impossible 
to  draw  a  hai-d  and  fast  line  between  the  doi'sal  and  ventral 
branches  of  the  nerves  of  the  extremities.  As  a  rule,  a  number  of 
the  ventral  branches  of  the  spinal  nerves  in  the  region  of  the 
appendages  become  connected  together  to  form  i^k^'^uses  which, 
according  to  their  jKjsition,  are  spoken  of  as  cemcal,  brachial, 
iuvilar,  and  8f(cral  (Figs.  145  and  147).  The  number  of  nerves 
composing  these  coiresponds  to  the  number  of  bcxiy-seginents 
taking  part  in  the  fonnation  of  the  appendages,  and  their  relative 
size  is  usually  directly  proportional  to  the  development  of  the 
latter.  A  further  important  factor  in  the  fonnation  of  the  limb- 
plexuses  can  be  traced  to  the  ontogenetic  and  phylogenetic  shifting 
of  the  extremities  along  the  trunk,  whereby  they  assimilate  nerves 
from  other  segments  and  lose  some  of  those  which  primarily 
belonged  to  them. 

In  contrast  to  Fishes,  the  great  variation  in  the  comparatively 
slightly  developed  plexuses  of  which  renders  it  impossible  to  reduce 
them  to  a  common  plan,  we  find  from  the  Amphibia  onwards  a 
typical  grouping  of  the  branches  of  the  c^rvico-Wachlal  and  lumho- 

^  In  Amphioxus,  the  dorsal  and  ventral  nerves  alternate  right  and  left,  so 
that  a  riffht  aorsal  and  a  left  ventral  ner\'e  are  in  the  same  transverse  plane  and 
vice  verm,  and  the  fibres  composing  the  ventral  nerves  are  not  surrounded  by  a 
common  sheath.  The  dorsal  nerves  of  Amphioxus  and  Petromyzon,  like  many 
of  the  cerebral  nerves  of  all  Craniata,  are  throughout  of  a  mixeil  nature,  and  this 
was  possibly  the  case  in  the  Protovertebrata. 
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sacral  plexuses,  in  which  dorsal  and  ventral  branches  can  usually 
be  recognised. 

In  the  brachial  plexus,  which  from  the  Sauropsida  onwards  is 
more  sharply  differentiated  from  the  cervical  plexus,  the  following 
may  be  distinguished:  (1)  anterior  (superior)  thoracic  nerves 
(dorsalis  scapulcc  and  iharacicus  lateralis  of  human  anatomy) ;  (2) 
posterior  (inferior)  thoracic  nerves  {stcbclamtts,  thoracici  anteinm^es)  ; 
(3)  ventral  (anterior)  bi'achial  nerves  (mediamcs,  with  the  micsculo- 
cutaneicSy  uhiaris,  and  cutanens  medius  et  intemus) ;  (4)  dorsal 
(posterior)  brachial  nerves  (sicbscapulares,  axillains,  and  radialis). 

The  lumbo-sacral  plexus  shows  in  general,  and  more  particularly 
in  Mammals,  much  greater  variations  than  does  the  brachial  plexus. 
The  nerves  arising  from  it  are  also  arranged  in  a  dorsal  and  a 
ventral  series,  the  larger  ones  being  spoken  of  as  the  obturator, 
crural^  sciatic,  and  picdaidic.  The  sciatic  divides  up  in  the  hind- 
limb  into  a  tibial  and  a  fibular  nerve.  The  numerous  individual 
variations  seen  in  the  lumbo-sacral  plexus  {e.g.  of  Man)  are  due  to 
the  fact  that  the  pelvic  girdle  has  not  yet  acquired  such  a  fixed 
position  with  regai-d  to  the  trunk  as  has  the  shoulder-girdle,  and 
shows  a  tendency  to  become  shifted  fonvards.^ 


2.  CEREBRAL  NERVES. 

It  is  customary  to  distinguish  the  following  twelve  pairs  of 
cerebral  nerves,  and  of  these  the  eleventh  have  a  distinct  origin 
only  in  the  Amniota,  and  the  twelfth  are  represented  by  the 
anterior  spinal  nerves  in  certain  Fishes  and  in  all  Amphibians : — 

I.  Olfactory. 

II.  Optic. 

III.  Oculomotor. 

IV.  Pathetic  or  trochlear. 
V.  Trigeminal. 

VI.  Abducent. 

VII.  Facial. 

VIII.  Auditory. 

IX.  Glossopharyngeal. 

X.  Vagus  or  pneumogastric. 

XL  Spinal  accessory. 

XII.  Hypoglossal,  in  close  connection  with  which 
are  certain  "  spino-occipital "  nerves. 

Of  these,  the  purely  sensory  olfactory  and  optic  nerves  have 
an  isolated  position  as  regards  their  mode  of  development  from  the 
secondary  and  primary  fore-brain  respectively,  and  they  are  dealt 

^  In  animals  in  wliich  the  extremities  have  disappeared,  aU  traces  of  the 
corresponding  plexuses  liave  also  usually  vanished  :  Snakes,  however,  still  retain 
remnants  of  tliem. 
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with  in  the  sections  on  the  brain  and   the  olfactory  and  optic 
organs. 

The  auditory  is  also  a  purely  sensory  nerve. 

The  oculomotor,  pathetic  and  abducent  supply  the  muscles  of 
the  eye,  and  probibly,  like  the  spinal  accessory  and  hy[x)glossal, 
consist  exclusively  of  somatic  motor  fibres.  All  the  other  cerebral 
nerves,  like  the  spinal  nerves,  are  mixed,  and  contain,  in  different 
proportions,  somatic  afferent  (genenil  cutaneous)  and  efferent,  and 
also  visceral  afferent  and  efferent  C()mj)onents. 

In  their  mode  of  origin  the  cerebral  nerves  (except  I  and  II) 
resemble  the  spinal  nerves  in  many  respects  (p.  232),  and  a  gnidual 
transition  between  the  two  groups  is  indicated  in  the  lower  Verte- 
brata.  Certain  of  them,  like  the  motor  portions  of  the  spinal 
nerves,  arise  as  direct  outgrowths  from  the  extension  of  the  ventral 
horns  of  the  spinal  cord  into  the  embryonic  bmin  (III,  VI,  XII, 
.and  probably  IV).* 

Others  again  (V  and  VII  in  part,  VIII,  IX,  and  X)  arise  in 
the  embryo  from  the  dorso-lateral  region  of  the  brain,  and  thus 
resemble  the  dorstil  roots  of  the  spinal  nerves,  but  differ  from 
these  (except  in  the  cases  of  Amphioxtis  and  Petromyzon)  in  being 
developed  opposite  to  and  not  between  the  corresponding  somites : 
later  on  their  origin  becomes  shifted  to  the  ventral  side  of  the 
brain.  In  all  these  (except  VIII)  the  visceral  system  predominates 
over  the  somatic  owing  to  visceral  muscles  occupying  the  place  of 
somatic  muscles.  They  further  resemble  the  dorsal  roots  of  the 
spinal  nerves  in  arising  from  a  neural  ridge ;  this,  however,  is  not 
continuous  with  that  of  the  spinal  cord,  which  ends  in  the  auditory 
region,  but  is  more  dorsal  in  position  and  extends  into  the  trunk- 
region  for  a  short  distance.  But  in  the  course  of  development 
these  two  ridges  become  no  longer  distinguishable  from  one  another, 
and  comi)lications  arise  owing  to  a  kind  of  struggle  between  the 
two  for  nijistery,  in  which  the  cerebral  neural  ridge  gains  the  up{>er 
hand ;  thus  the  rudiments  of  the  spinal  ganglia  in  this  region, 
together  with  the  corresponding  somites,  become  reduced  to  mere 
vestiges,  the  development  of  the  nerves  of  the  visceral  arches 
excluding  that  of  the  spinal  nerves. 

From  the  cerebnd  neural  ridge  certjiin  ganglia  arise,  viz.,  the 
Gasserian  (V),  the  fjcniculate  (VII),  the  petroml  (IX),  and  the 
jngidar  (X);  and,  as  in  the  case  of  the  spinal  ganglia,  afferent 
(sensory)  fibres  are  formed  which  grow  into  the  brain  and  are  there 
connected  with  their  cerebral  centres.  In  the  formation  of  these 
mixed  cerebral  nerves  (and  also  of  the  Vlllth),  certain  ganglionic 
zones    of    proliferation    of    the    external  ectodermal    epithelium 

'  The  fourth  nerve  is  peculiar  in  appearing  from  the  dorsal  surfluse  of  the 
brain,  but  this  is  probably  a  secondary  condition.  Originally,  this  and  the  third 
nerve  possibly  beu>nge<l  to  the  trigeminal,  the  sixth  to  the  facial,  and  all  three 
nerves  of  the  eye-muscles  perhaps  represent  vestiges  of  primitive  cerebral  nerves 
of  a  mixed  nature,  as  is  indicated  by  the  fact  that  some  few  sensory  fibres  may 
be  present  in  the  fourth,  and  probably  the  sixth,  amongst  the  Anamnia. 
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(placodes)  take  part,  in  addition  to  the  main  ganglia  already  referred 
to.     Two  rows  of  these  accessory  ganelia  (which  probably  corre- 
spond to  the  vestiges  of  primitive  in- 
tegumentary sense-organs)  may  often 
be  distinguished    in    the    embryo   in 
either  side  of  the  head — a  dorso-lateral, 
and  a  more  ventral  row  just  above  the 
gill-clefts ;  the  former  are  spoken  of  as 
the  lateral  ganglia,  and  the  latter  as 
the    ventral    or   epOnunckial   ganglia, 
which  are   associated  with   transitory 
epibranchial   sense-organs.      In    their 
primitive  superficial  position  the  two 
rows  are  connected  with  one  another  and 
with  the  central  organ  by  cellular  cords. 
It    is    probable    that    the    motor 
fibres  of  these  mixed  nerves  {as  well 
as  the   cerebral  portion  of  XI)  grow 
out   secondarily  from    the  brain   into 
the    primary    ganglionic    nerve -rudi- 
ments arising  from  the  upper  row  of 
nerve-centres  formed  by  the  bifurca- 
tion   of   the    band-like   spinal   motor 
tract.     From   the   ventral  row,  which 
„  ^..^^  —     — .-      '''^^  ^^  ^^^  same  plane  as  the  ventral 
BMoDBoyDKVFLOFMBNT     hoHis  of  gray  Diattcr,  arise  the  Illrd, 
OF  THB  Dobsal^Cerebr^l     ivth,   VltH,    and    Xllth    nerves,   as 
iN^TK^'*LrMPMY.'TAfter     already  mentioned.! 
C.  V.  Kupffer.)  It  must   be  remembered  that  the 

1.      .    k    1    J  ™.    „,  „,i      f>cad    is    primitively   composed   of   a 
ch,  notoohonl ;  d,  gut ;  !/t,  epi-  r   '      .  ^     ,       S-,  j     -. 

hnuichial  gangrion  (ventral      series   of    metameres    (p.  75),    and    it 
placode) :_[/(,  IflteraL  vagua     js  therefore  important  to  ascertain,  as 
far  as  is  jnssibfe  in  the  present  state 
of  our  knowledge,  to  which  individual 
metameres  the  different  cerebral  nerves 
belong.     As  already   mentioned,   the 
olfactory  and  optic  nerves  present  cer- 
tain  [>eculiarities   which   bring   them 
under  another  category,  and  they  will 
be  treated  of  later  in  connection  with 
the  corresponding  sensory  organs. 
The  following  general  summary  gives  a  scheme  of  the  prob- 
able primitive  relations  of  the  head-segments  and  cerebral  nerves, 

'  An  aildilional  pair  of  vestigial  cerebral  nerves  has  been  shown  to  exist  in 
ProUjpterua,  Ceratoduo,  Aiiura,  and  many  KUsmobranchs,  arising  in  the  region  of 
the  Inmina  terniinaliK,  croasiiig  the  olfactory  loliea,  and  ending  in  the  t«gioa  of 
the  olfactory  mucous  membrane.  Along  the  course 
of  which  is  unknown  and  which  has  been  described  n 
■re  one  or  two  ganglia. 


placode)  :  „  .  .  . 
ganglion  (lateral  placode) ; 
!/«,  synipathetic  ganglion  ; 
k,  hind-brain ;  /,neuntl  ridge 
(rudimentof  the  spinal  gang- 
lion proper) ;  m,  mesoilerm  ; 
nil,  branchial  nerve :  )ui, 
nubepidermoid  Uyer,ilerive(l 
from  the  ectoderm,  and  giv- 
ing rise  to  the  peripheral 
part  of  the  branchial  nc  ~ 
?iK,  dorsnl  xpinal  nerve. 
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founded    mainly   on    the    ron<lilions    existing   in    Ehisinobranch 
embryos. 

Tablk  showing  the  iSbumental  Arranhrment  op  the  Cekebrak  Nerves, 
WITH  THEIR  Relation  to  the  Metamerks  of  the  Head. 


VetitrnI  branch. 


W  Mttanier*:  (Huperior,  in- 
ferior, and  anterior  rec- 
tus, and  inferior  o)>li(iuo 
niURcle). 

2iitl  Metamfrf  (HUi>enor 
oblique). 


CIculomotor  (III). 


Pathetic  (IV). 


3rf/     Metamere     ([iosterior       AWuccnt  (IV). 
rectuH).  ' 


4/h      Afctnmere      (musdeH 
which  are  early  aborted). 

5/ A      Mttamere      (muscles 
wliich  are  early  a1x)rted). 


Wanting. 
Wanting. 


Dunal  branch. 


Ranuis  ophthalmicus  pro- 
fundus of  the  trigeminal 
( y)i  together  with  the 
ciliary  ganglion. 

Trigeminal  (with  its  gang- 
lion, minuH  the  ramus 
ophthalmicus  profun- 
dus). 


I 


Facial  (VII \  and  audi- 
tory ( VIII),  with  their 
ganglia. 


<  i  h  msophary  ngeal       (IX ), 
with  its  ganglion. 


Ifervesof  the  Eye-muicles. — The  (Kmlomotor  (III)  pathetic 
or  trochlear  (IV)  and  alxliicent  (VI)  nerves  (Figs.  179—181) 
supply  the  muscles  which  move  the  bulb  of  the  eye  (cf.  table 
above). 

The  oculomotor  arises  from  the  base  of  the  mid-brain,  and  is 
in  intimate  relation  with  an  oculomotor  or  ciliary  ganglion  which 
primarily  belongs  to  the  sympathetic  system,  and  from  which  oculo- 
motor fibres  pass  out  to  the  iris  and  ciliary  muscles  of  the  eye.* 

The  pathetic  nerve,^  although  actually  arising  in  the  interior 
of  the  ventral  part  of  the  mid-brain,  near  the  nucleus  of  the 
oculomotor,  appears  externally  on  the  dorsiil  side  of  the  anterior 
margin  of  the  nind-brain  (valve  of  Vieussens,  p.  203). 

The  abducent  nerve  arises  far  back  on  the  ventml  side  of  the 
medulla  oblongata  :  in  addition  to  the  posterior  rectus,  it  supplies 
the  retractor  bulbi  and  the  muscles  of  the  nictitating  mcmbmne  in 
the  Sauropsida.  In  the  Anura  it  becomes  intimately  connected 
with  the  Ojisserian  ganglion  of  the  trigeminal. 

*  Further  resfarcht»H  are  desirable  with  regard  to  the  ciliary  ganglion  of 
Ananmia  ami  Sauif)|>Mida.  It  apiKMrs  to  lx«  mmlc  ui>  of  two  diHtinct  ganglia 
(crerebro- spinal  and  synipatlietic),  one  of  which,  in  Nlamnml.M.  fuses  with  the 
<tasserian  ganglion  during  <leveIopnient,  the  otlier  remaining  as  the  ciliary  gang- 
lion of  the  a<lult. 

'■^  Before  emerging  on  tlie  nwif  of  the  bniin,  the  tibn*s  of  each  trm-hlear  nerve 
cross  thosf*  of  its  fellow  (rhuti*ma  tr<M'hltare)^  so  timt  the  right  nerve  supplies  the 
left  superior  oblioue  muscle,  and  vu'f  it  ruth  Originslly  this  nms<-le  may  be  a 
derivative  of  nniscles  which  once  8up[)1ied  the  (mrietal  eye. 
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The  trigeiiiinul,  facial,  glossopharyngeal,  and  vagus  nerves  are 
usually  described  as  branchial  or  hruiidiiomeHe  nerves,  i.e.  they  are 
primarily  related  to  gill-clefts.  A  typical  branchial  nerve  has  a 
ganglion  near  its  origin  from  the  brain  and  divides  into  (1)  a 
dorsal  (somatic  sensory)  branch  to  the  skin,  (2)  a  palatini  (visceral 
sensory)  branch  to  the  oral  mucous  membrane,  and  (3)  a  branch 
associated  with  the  epibranchial  ganglion  (p.  236)  which  bifurcates 


1,  2,  3,  DHindibular,  hyoiil,  und  lat  l>rBncliial  ridges;  ///,  oculomotor;  lY, 
trochlear ;  V,  1"^,  I",  llie  three  main  hmnuhes  of  the  trigeminal !  Kinol, 
iiioh)r  pui'tion  of  triginniiiHl ;  U  V,  ganglion  <if  trigeminal ;  VTl,  facial  i  VIII, 
auditory  ganglion ;  IX,  jjluHsoiiliaryrigual  with  the  petrosal  ganglion 
Ifit/.jxtr) ;  .V,  vagUH  with  the  ganglion  nodonuni  [(/g.uoil)  and  the  anterior 
(Hiiperior)  laryiigL-al  nerve  {Lar.miji) ;  O.L,  ganglionic  ridge  of  the  IXlh,  Xlh, 
and  Xllh  nerviv  ;  Xfl.  hypoglosiial.     The  ahilucent  (VI)  is  not  visible. 

over  the  corresponding  bmiichial  clel't  into  a  jn-ebranchial  (visceral 
sen.sory)  aud  n  postlnuncklnl  (visceral  motor)  nerve. 

Tiigeminal Nerve. — This  isoiieof  tbe  largest  of  the  Cferebral 
nerves.  It  ari-ses  fi-oin  the  ventro-liiteral  region  of  the  anterior 
part  of  the  medulla  oblongata  (pons  Vanilii  of  Mammals)  by  a  large 
aeiisoiy  and  a  sniallt-r  (ventral)  motor  it>ot,  has  a  laige  primarily 
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double  intra-cranial  or  extra-cranial  GasscHan  ganglion  at  the  origin 
of  the  former,  and  in  Fishes  (Fig.  179),  divides  into  two  main 
branches,  an  ophthalmic  (including  a  sapcrficial  and  a  deep  or 
pi'tffniuhts  portion),  and  a  muxUlo-mandilmlar  :  in  most  terrestrial 
forms  (Figs.  180  and  181)  the  maxilhiry  and  mandibular  nerves 
arise  sepanitely.  From  the  presence  of  these  three  characteristic 
branches,  often  known  jvs  the  first,  seco7idy  And  third  divisions  of  the 
trigeminal,  its  name  is  derived.  It  passes  out  from  the  skull  some- 
times through  a  single  aperture,  and  sometimes  by  two  or  three  dis- 
tinct ones.  On  the  supposition  that  the  mouth  corresponds  to  a  fused 
pair  of  branchial  clefts,  the  ophthalmic  would  correspond  to  the  dorsal 
branch  of  a  branchial  nerve,  and  the  maxillary  and  mandibular  to 
the  prebmnchial  and  postbranchial  branches ;  the  palatine  branch 
may  be  represented  by  a  branch  going  to  the  roof  of  the  mouth. 

The  superficial  branch  of  the  first  division  is  usually  distinct  in 
Fishes,  in  many  of  which,  however,  and  in  higher  forms,  it  may  be 
unite<l  with  the  deep  branch.  In  Amj)hibians  its  homology  has  not 
been  clearly  made  out.^  It  passes  dorsally  over  the  eye-ball,  crosses 
the  superficial  ophthalmic  branch  of  the  facial,  with  which  it  may 
become  secondarily  connected,  and  is  distributed  to  the  skin 
anterior  to  and  above  the  orbits.  The  deep  branch  piisses  below 
the  superior  and  anterior  recti  and  superior  oblique  muscles,  and 
supplies  the  integument  of  the  snout,  the  eyelids  and  conjunctiva, 
the  mucous  membrane  of  the  nose,  and  the  lacrymal  glands  {eg, 
in  Mammals).  A  connection  of  the  profundus  with  the  ciliary 
ganglion  arises  secondarily. 

The  second  division  of  the  trigeminal,  like  the  superficial 
and  deej)  ophthalmic,  is  purely  sensory.  On  it  is  a  sphenopalatine 
gantjlimi  derived  from  the  sympathetic,  and  it  is  connected  with 
the  fiu»ial.  It  extends  fii*st  along  the  floor  of  the  orbit,  su})plying 
the  lacrymal  .and  Hanlerian  glands  when  present,  the  conjunctiva, 
the  mucous  membrane  of  the  nose,  and  the  roof  of  the  mouth ;  it 
then  passes  to  the  upper  jaw,  supplying  the  teeth ;  and  finally, 
JUS  the  infraorbital  branch,  perforates  the  skull  to  reiich  the  integu- 
ment in  the  region  of  the  upper  jaw,  snout,  and  upj)er  lij). 

The  third  division  of  the  trigeminal  is  of  a  mixed  nature;  its 
motor  portion,  which  has  the  character  of  a  visceral  nerve,  supplies 
certiiin  mjisticiitory  muscles  and  some  of  the  muscles  of  the  palate 
and  floor  of  the  mouth.  The  sensory  portion  extends  ahmg  the 
rami  of  the  lower  jaw  and  divides  into  two  main  parts,  a  lingual 
and  a  inandihidnr  proj^eVy  the  former  of  which  is  not  well  differenti- 
ated in  the  Anamnia  and  Sauropsida.  The  lingual  or  gustatory 
nerve  innervates  the  mucous  membrane  of  the  mouth  and  tongue, 
containing  gustatory  fibres  from  the  chorda  tympana  (cf.  under 
facial  nerve). 

The  special  mandibular  branch,  which  may  pass  through  the 
inferior   dental  canal   of  the  mandible,  supplies  the   teeth  and 

*  It  posflibly  corresponilB  to  tlie  rainun  frontalis  of  Mammals. 

W 
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inticotiM  iiK^inbraruf  of  the  lower  jaw,  and  then  gives  off  one  or 
nion^  l»riin(;h(^H  to  the  integument  of  the  latter  and  of  the  lower 
lip  :  in  Manmmls,  a  Hinaller  branch  passes  upwards  in  front  of  the 
car  to  thn  t(»nijM)ral  njgion,  supplying  the  adjacent  skin  and  the 
pinna  of  the  (»ar.  Two  ganglia,  the  mhmcudllai^  and  the  otic  (Fig. 
180),  derived  from  the  sympathetic,  are  connected  with  its  sensorj' 
portion,  the  former  being  situated  close  beneath  the  exit  of  the 
rujrve  from  the  skull,  the  latter  on  the  lingual  nerve  at  the  point 
where  it  passes  into  the  tongue.  The  otic  ganglion  is  connected 
with  the  glossopharyngeal  nerve,  but  it  is  doubtful  whether  the 
gustatory  fibres  in  connection  with  the  lingual  ganglion  are 
derived  from  this  nerve  or  from  the  facial. 

Facial  Nerve. — This,  which  is  also  a  mixed  nerve,  presents 
important  differences  in  branchiate  and  pulmonate  forms  respec- 
tively. In  many  Fishes  {e.g.  Cyclostomes,  Elasmobranchs,  many 
Teleosts,  Dipnoans)  and  in  perennibranchiate  Urodeles,  it  possesses 
two  distinct  ganglia  at  its  origin  in  connection  with  the  sensory  and 
mixed  portions  respectively.  In  other  Fishes  {e.g.  Chimaera,  Polyp- 
tenis,  Lepidosteus,  certain  Teleosts)  and  more  especially  in  Anurans, 
the  facial  nerve  comes  into  such  close  connection  with  the  trigeminal 
that  the  ganglia  in  question  are  no  longer  distinguishable  from  the 
Gasserian  ganglion, and  such  complications  arise  that  the  original  re- 
lations of  many  of  the  components  of  the  two  nerves  are  no  longer 
tmceable  and  cannot  be  analysed  by  dissection.  Another  (the  genicu- 
late) ganglion  of  the  facial  nerve  is  retained  in  all  Vertebrates. 

In  aquatic  branchiate  Vertebrates  the  facial  nerve  consists  of 
the  following  main  branches  (Fig.  179): 

I.  A  system  of  sensory  branches  for  the  supply  of  the  in- 
tegumentary sense-organs  of  the  head  {q.v.).  These  branches, 
together  with  the  auditory  nerve  and  the  lateml  line  branches  of 
the  glossophar}''ngeal  and  vagus  (p.  245),  arise  from  the  same  centre 
in  the  medulla  oblongata  (tuher  acusticnvi),  each  originally  possessing 
its  own  ganglion,  and  together  forming  a  primitive  acustico-lateral 
sensory  nervous  system,  arising,  like  the  sensory  organs  which  they 
supply,  direct  from  the  ectoderm.  The  following  branches  may  be 
distinguished  : — {a)  n,  superficial  ophthalmic,  running  parallel  to  the 
like-named  branch  of  the  trigeminal  and  sometimes  {e.g.  in 
Chimaera)  becoming  very  closely  connected  with  its  deep  portion ; 
(6)  a  buccal,  close  to  the  maxillary  portion  of  the  trigeminal,  and, 
giving  off  near  its  origin  an  otic  branch ;  and  (c)  an  external 
mandilnLlar,  in  the  region  of  the  hyomandibular  nerve,  dividing 
into  an  anterior  and  a  posterior  branch  and  frequently  anastomos- 
ing with  the  mandibular  branch  of  the  trigeminal. 

II. — A  sensory  {a)  palatine}  which  may  anastomose  with  the 

^  There  can  be  no  doubt  that  the  palatine  branch  of  the  facial  in  the  Anamnia, 
comparable  to  the  visceral  or  pharyngeal  branches  of  the  glossopharyngeal  and 
vagus,  corresponds  to  the  gi'eat«r  superficial  petrosal  of  Mammals,  which  is 
a  purely  sensory  nerve  :  the  motor  fibres  which  are  said  to  arise  from  it  probably 
belong  to  the  vagus. 
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maxillary  branch  of  the  trigeminal  and  which  innervates  the 
mucous  membrane  of  the  pharynx,  and  (b)  chorda  tyvipani}  going 
t«  the  mucous  membrane  of  the  Hoor  of  the  pharynx.  These  two 
nerves  eorrcsponil  to  the  "  portio  intermedia "  of  the  facial  of 
Mammals  (Fig.  182),  an<l  are  closely  related  nt  their  origin  with 
the  geniculate  ganglion.     The  chonla  tyuipani  corresponds  to  the 


Flu.    IX^.— DiAIIRAH    AKOWIMI    TIIK    RKljtTIIISH    (If  TlIE    PuKTIII   iNTKKHRniA   OF 

TiiK  Facial  Nrkve  is  Mas.  (After  A.  F.  Uixim  ;  alightly  iiioJilied.) 
I,  II.  Ill,  tho  three  brancliel  of  the  tri|piininal ;  *,  gonicultite  ipinulion  of  the 
facial ;  t,  HuhuiiulwlAtinp  gnngliiin,  in  tlic  liciglibourhood  of  // ;  Ch.ly,  chonln 
tvinpani ;  C.t,  tympanic!  cnvity,  uiitljiieil ;  fl.  Iriij,  (iaueriaii  ganglion  of 
the  trigeminal ;  P.ivt.mVII,  intennetliate  (tienBiiry)  purtion  iif  the  facial; 
I'.mol.  VII,  motor  portion  of  the  facial  (hyomaniiibiilar) ;  H.liii'j,  lingual 
branch  of //f;  ff.rnond,  mamlibiilar  branch  of /// ;  H.jial,  palatine  (greater 
anperiicial  petrosal)  branch  of  facial.  The  motor  portion  of  trigeminal  III 
id  not  iiiditat«il. 

prebmnchial  and  the  hyomandibular  to  the  pa'^tbranchial  branch, 
but  from  Amphibians  onwards  the  choixla  tympani  becomes  post- 
spimcular  in  position. 

Ill,  A  main  post-spiracular  hyomandibular  trunk,  extending 
along  the  hyoid  arch,  and  essentially  motor,  except  for  the  com- 
ponents which  give  rise  to  the  sensory  external  mandibular  and 
a  few  twigs  supplying  the   mucous  membrane   of  the  spiracle, 

'  The  ehonia  tympani  ("  alveolar"  branch  of  the  facial)  paraea  internally  to 
the  lower  jaw  in  Elaamobranehii,  Ganoiilei,  Perennibranehiata,  ami  Anura.  lu 
other  Amphibiani,  as  in  Reptiles,  it  paBseg  into  the  bony  lower  jaw. 

R  2 
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anterior  wall  of  the  pharynx,  floor  of  the  mouth,  and  the  skin.  Its 
motor  fibres  supply  visceral  muscles  in  connection  with  the 
mandibular  and  hyoid  arches. 

In  correspondence  with  the  change  from  an  aquatic  to  a  terres- 
trial mode  of  life,  the  integumentarj^  sense-organs  in  caduci- 
branchiate  Urodela,  Anura,  and  in  Amniota,  become  more  or 
less  completely  lost,  and  the  corresponding  branches  of  the  facial 
nerve  are  reduced.  The  parts  which  persist,  in  addition  to  the 
large  motor  hvomandibular,  are  the  palatine  and  the  chorda 
tympani  (cf.  Figs.  179-182). 

In  the  Amniota  the  chorda  tympani  has  a  very  different 
position  fi-om  that  seen  in  the  Anamnia,  and  becomes  character- 
istically related  to  the  tympanic  cavity ;  in  Birds  it  is  absent,  and 
is  replaced  functionally  by  the  glossopharj-ngeal.  From  the  Amphi- 
bia and  Reptilia  onwards,  a  gradual  development  of  the  facial 
muscles  leads  to  the  characteristic  mimetic  muscles  of  Mammals 
and  more  especially  of  Primates,  which  arc  supplied  by  the  hyoman- 
dibular  nerve.  The  complicated  networks  of  this  ner^'e,  however, 
appears  late  phylogenetically,  and  are  wanting  even  in  certain 
embryonic  stages  in  Man.  In  addition  to  the  mimetic  muscles,  the 
hyomandibular  nerve  in  Mammals  supplies  the  platysma,  the  stylo- 
hyoid, the  posterior  belly  of  the  digastic,  and  the  stapedius. 

Auditory  Nerve. — This  large  nerve,  which  has  a  ganglion  at 
its  origin,  arises  in  close  connection  with  the  facial,  and  comes 
under  the  same  category  as  the  sensory  portion  of  the  latter  nene, 
inasmuch  as  it  is  probable  that  the  auditory  organ  is  a  modified 
portion  of  the  lateral  line  organs.  Soon  after  its  origin  it  divides 
into  a  vestibular  and  a  cochlear  branch.  The  latter  passes  to  the 
lagena  or  cochlea  of  the  ear,  while  the  former  supplies  the  rest  of 
the  auditory  labyrinth. 

Vagus  group. — This  group  includes  the  glossopharyngeal, 
vagus,  and  spinal  accessory,  which  stand  in  the  closest  relation  to 
one  another,  and,  owing  to  the  fact  that  the  head  in  this  region  has 
undergone  fewer  phylogenctic  modifications,  are  less  specialised 
than  the  cerebnil  nerves  already  described.  These  nerves  all 
consist  of  both  afferent  and  efferent  fibres,  the  former  being  con- 
nected with  ganglia  (the  petrosal  of  IX,  and  the  jugular  and 
cervical  of  X). 

In  Fishes  and  perennibranchiate  Amphibians  the  glosso- 
pharyngeal leaves  the  skull  through  a  special  foramen,  and  not 
along  with  the  vagus,  as  in  other  Vertebrates.  In  branchiate  forms, 
in  addition  to  a  palatine  branch,  it  is  distributed  to  the  region  of 
the  first  (hvobranchial)  gill-cleft,  over  which  it  bifurcates  into  a 
smaller  prebranchial  and  a  larger  postbranchial  branch  (Fig.  179). 
In  other  Vertebrates  it  is  distributed  to  the  pharynx  and  tongue, 
and  as  a  rule  anastomoses  with  the  vagus  and  also  with  the  geni- 
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culate  ganglion  or  palatine  branch  of  the  facial  and  the  otic  gang- 
lion of  the  third  division  of  the  trigeminal  {Jacobscni'sanaatcyniosis), 
a  continuation  of  this  branch  extending  forwards,  close  to  the 
palatine  branch  of  the  fivcial.^  In  the  higher  Vertebrates,  the 
large  lingual  branch  forms  a  gustatory  nerve  supplying  the  tongue, 
tonsils,  and  epiglottis:  this  nerve  is  apparently  already  indicated 
in  Dipnoans. 

The  vagus  has  a  very  wide  distribution,  and  is  not  limited  to 
the  head  but  extends  into  the  trunk.  It  includes  a  sensoiy  lateral 
line  branch,  pharyngeal  (  =  palatine),  and  branchial  branches;  the 
hist-mentioned  fork  over  the  second  and  following  gill-clefts  and 
supply  the  mucous  mtiinbmne  and  muscles  of  the  branchial  appar- 
atus in  branchiate  forms.  Its  visceral  branch  supplies  the  larynx, 
heart,  swim-bladder  or  lungs,  and  a  c(msiderable  portion  of  the 
digestive  tract  (gullet,  stomach,  and  more  or  less  of  the  intestine). 
In  pulmonato  Vertebrates  a  reduction  tiikes  place  of  the  motor 
components  of  the  branchial  nerves  along  with  the  corresponding 
muscles  (Fig.  180). 

The  origin  of  both  glossopharyngeal  and  vagus  by  numerous 
roots,  and  the  fact  that  they  give  oflf  branches  in  the  region  of  the 
pharynx  and  visceral  arches  m  which  a  metameric  arrangement 
C4\n  be  recognised,  indicates  that  they  correspond  originally  to  a 
ruimber  of  separate  nerves. 

The  lateral  bninch  of  the  vagus,  as  already  mentioned  (p.  242), 
doc^s  not  belong  originally  to  this  nerve,  but  to  the  lateml  nervous 
system  of  the  head,  having  a  similar  central  origin  to  that  of  the 
acustico-fjicial  grouj),  with  which  it  may  even  be  directly  con- 
nected by  a  commissure  outside  the  auditory  aipsule  (Protopterus). 
There  is  a  special  ganglion  at  its  origin  from  the  medulla 
(Fig.  179),  and  its  exit  from  the  skull  by  the  Siune  fonimen  as  the 
vagus  is  evidently  secondary.  After  giving  off  a  supratemporal 
bmnch,  it  extends  along  the  trunk  to  the  apex  of  the  tail,  and  may 
subdivide  into  several  branches,  some  of  which  may  be  situated 
directly  under  the  skin  and  others  (like  the  main  lateral  nerve  of 
Ehismobranchs  and  Dipnoans),  beneath  the  lateral  muscles  close 
to  the  vertebral  column.  All  these  branches  supply  the  sensory 
organs  belonging  to  the  lateml  line  system.^ 

The  so-called  spinal  accessory  {acccssorius  Wtllisii)  is  a  true 
cerebral  nerve,  and  can  already  be  recognised  in  Elasmobranchs, 
in  which  it  is  included  in  the  vagus,   from  the  posterior  roots 

*  It  is  ptwsible  that  the  lateral  line  fibres  which  may  Ikj  asaociated  with  the 
glossopharyngeal,  and  <»ven  with  the  trigeminal,  arc  always  derived  from  the 
vagus  and  facial. 

-  Certain  nerves  present  in  Teleostomes  an<l  formerly  desorilKMl  under  the 
tenn  **ranni8  lateralis  trigemini,"  may  })e  inchuled  un<ler  the  term  ^^  ramus 
i'tftnt/tM  acrtxAoriuH,'^  They  form  a  sensory  system  of  nerves,  pnivided  with 
ganglia,  which  are  foniied  tyincally  from  somaticr  sensory  fibres  <lerived  from  the 
Vth,  Vllth,  IXth,  and  Xth  (cerebral  nerves  and  a  varietf  nunilKT  of  spinal  nerves. 
Branches  pas<!  to  some  of,  or  even  all,  the  fins,  and  supply  sensory  end-buds 
(q,  V. ).     The  so-called  lateral  nerve  of  Petromyzon  belongs  to  this  system. 
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of  which  it  arises :  it  is  therefore  primitively  a  cerebral  and  not  a 
spinal  nerve.  It  presents  certain  characteristic  peculiarities  in 
the  Amphibia,  Sauropsida,  and  Mammalia  respectively,  so  that 
a  direct  comparison  of  the  nerve  in  these  groups  is  impossible.^ 

Owing  to  secondary  differentiations,  the  accessory  of  Mammals 
takes  on  a  very  different  character  from  that  of  the  Sauropsida : 
only  that  part  of  it  in  the  former  arising  from  the  spinal  cord  can 
properly  be  described  as  the  accessory,  while  its  cerebral  portion 
must  be  included  under  the  vagus  ^oup.  In  the  Sauropsida,  the 
nerve  is  better  described  as  the  spmal  portion  of  the  vagus.  In 
Mammals,  the  accessory  contains  viscero-motor  elements  from 
the  dorsal  roots  of  the  5th  to  7  th  spinal  nerves,  and  extending 
along  the  course  of  the  vagus  gives  off  branches  to  the  larynx  and 
to  the  trapezius  and  sternocleidomastoid  muscles. 

Spino-occipital  and  Hypogloiial  Nervei. — Under  the 
term  " spino-occipital  nerves"  is  understood  a  group  of  nerve- 
roots  in  the  occipital  region  and  anterior  trunk-myotomes  which 
are  in  close  relation  to  the  hypoglossal  As  most  of  their  com- 
ponents are  bound  up  in  the  vagus-group,  they  were  formerly 
erroneously  described  as  "  ventral  roots  of  the  vagus." 

In  Cyclostomes  they  have  either  not  been  assimilated  by  the 
cranium  (cf  p.  85)  or  are  not  even  differentiated  from  the  cerebral 
nerves,  so  that  in  this  case  they  cannot  be  spoken  of  as  spino- 
occipital.  In  Plagiostomes,  in  which,  as  in  Amphibians,  vertebral 
elements  are  fused  with  the  occipital  region  of  the  skull,  a  series  of 
intracranial  spinal  nerves  can  be  recognised  which  may  be  described 
as  "occipital,"  a  reduction  in  which,  from  before  backwards,  can 
already  be  observed.  In  the  Holocephali,  owing  to  a  still  greater 
assimilation  of  vertebral  elements  to  the  skull,  three  additional 
spinal  nerves  later  became  intracranial,  while  the  number  of 
occipital  nerves  is  reduced  to  two.^  The  relative  number  of  these 
two  series  varies  in  Ganoidei,  Dipnoi,  and  Amniota,  the  occipital 
nerves  having  entirely  disappeared  in  the  Teleostei. 

In  Fishes  the  first  spinal  nerve,  which  corresponds  to  the  hypo- 
glossal of  higher  forms,  supplies  the  muscles  of  the  trunk,  the  floor 

^  The  evolution  of  the  spinal  accessory  in  the  hisher  Vertebrates  must  have 
taken  place  somewhat  as  follows.  Beginning  with  the  Amphibia,  in  which  the 
vagus  group  does  not  extend  into  the  spinal  cord,  the  accessory  in  the  primitive 
Amniota  must  have  possessed  the  following  characters  : — close  connection  with  the 
vagus,  extension  backwards  at  least  as  far  as  the  first  cervical  segment,  origin 
from  a  lateral  collection  of  cells  of  the  ventral  cornu,  and  course  on  the  ventral 
side  of  the  dorsal  cornu  of  the  gray  substance.  From  this  primitive  form  the 
nerve  must  have  developed  along  two  different  lines  in  the  Sauropsida  and  Mam- 
malia respectively,  in  both  of  which,  however,  in  contrast  to  the  Amphibia,  it  thus 
forms  a  kind  of  connecting  link  between  the  cerebral  and  the  spinal  nerves,  this 
region  including  in  the  Sauropsida  at  most  three,  in  Mammalia  seven,  segments. 

-  These  additional  nerves  have  been  described  as  *'occipito-8pinal  to  dis- 
tinguish them  from  the  '* occipital"  nerves  :  each  series  constitutes  a  sub-section 
of  the  spino-occipital  group.  In  Amphibians  (except  Ichthyophis)  the  occipital 
nerves  are  no  longer  recognisable,  even  in  the  embryo. 
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of  the  mouth,  and  the  skin  of  the  back,  and  also  souds  twigs  to  the 
brachial  plexus.  In  higher  Vertebrates  the  hypoglossal  becomes 
gradually  more  differentiated  from  the  other  cervical  nerves,  and 
innervates  the  intrinsic  muscles  of  the  tongue,  takes  up  cervical 
elements,  and  with  them  gives  rise  to  the  so-called  raviics  dcscendens 
and  the  a7i8a  hypoglossi,  from  which  arise  branches  to  the  sterno- 
hyoid and  other  muscles. 

In  the  Gymnophiona,  Urodela,  and  Aglossii  amongst  the  Anura, 
the  first  spinal  nerve  perforates  the  first  vertebra :  in  other  Anurans 
this  nerve  has  disappeared,  though  occasionally  recognisable  in  the 
embryo,  and  the  nerve  which  arises  behind  the  vagus  and  emerges 
between  the  first  and  second  vertebrae  in  reality  corresponds  to  the 
second  spinal  nerve  (hypoglossal,  cf.  Figs.  145  and  164). 

From  the  Sauropsida  onwards,  the  hypoglossal,  which  arises 
postero-ventrally  to  the  vago-accessory  group,  leaves  the  skull 
through  one  or  more  apertures :  it  has  three  roots,^  which  corre- 
8{)ond  to  three  spino-occipital  nerves  of  the  Anamnia. 

Dorsal  roots  may  be  present  temix)rarily  or  permanently  in  con- 
nection with  the  hypoglossal  of  Sauropsida  and  Mammalia,  and  may 
be  provided  with  ganglia,  as  in  the  case  of  the  accessory  and  of  the 
spino-occipital  nerves  of  many  Fishes.  A  reduction  of  dorsal  roots 
may  also  take  place  further  backwards :  in  many  Mammals,  including 
Man,  that  of  the  first  cervical  nerve  (and  even  of  the  second  in  e,g, 
the  Orang)  may  be  reduced  or  entirely  wanting. 


Ssrmpathetic. 

The  81/ mpaihciic  system  is  a  derivative  of  the  spinal  system,  with 
which  it  remains  throughout  life  in  close  connection  by  means  of 
rarni  communicantes  (Fig.  145).  It  is  distributed  mainly  to  the 
alimentary  tract,  the  vascular  system,  and  the  glandular  organs 
of  the  body. 

The  symjMithetic  ganglia  are  derived  from  the  developing  spinal 
ganglia,  and,  like  these,  show  originally  a  segmental  arrangement. 
They  contain  typical  ganglion-cells,^  and  usually  become  united 
together  secondarily  by  longitudinal  coininissitres,  thus  giving  rise 
to  a  chain-like  paired  syinjtathctic  coi'd  lying  on  either  side  of  the 
vertebral  column  and  aorta.  From  its  ganglia  nerves  pass  off 
to  the  above-mentioned  organs,  and  form  plexuses.  Numerous 
peripheral  ganglia,  derived  from  the  others,  are  also  present  in 
the  plexuses. 

'  Other,  more  anterior  olenients  oocur  in  the  embryo  in  Sauropaida. 

-  A  special  small  form  of  cell  occurs  in  the  embryonic  synipathetic  gainrlia, 
and  may  extend  beyond  them  to  a  greater  or  less  degree  into  other  parts.  Thus 
these  chromaffin  rtlU  are  found,  c.f/.,  in  the  pancreas  (islets  of  Langerhans), 
coccygeal  gland,  h^'pophysis  (Fig.  151 ),  and  suprarenals  (medullary  substance,  q.v.)\ 
«-in  wet,  in  all  **  glands  with  internal  secretion." 
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The  sympathetic,  accompanying  the  arterial  trunks,  extends 
along  the  vertebral  column  and  passes  anteriorly  into  the 
skull,  where  it  comes  into  relation  with  a  series  of  the  cerebral 
nerves  (cf.  pp.  237,  241  and  Fig.  180)  similar  to  those  which  it 
forms  further  back  with  the  spinal  nerves. 

The  original  segmental  character  frequently  disappears  later  on, 
and  this  is  especially  the  case  in  those  regions  where  marked 
modifications  of  the  earlier  metameric  arrangement  of  the  body 
have  taken  place — viz.,  in  the  neck  and  certain  regions  of  the  trunk, 
especially  towards  the  tail :  thus  in  Mammals  there  are  never  more 
than  three  cervical  ganglia. 

Nothing  is  known  of  a  sympathetic  in  Amphioxus.  In 
Petromyzon  typical  ganglion-cells  occur  more  or  less  sparsely  along 
the  dorsal  and  ventral  spinal  nerves  in  the  lateral  walls  of  the  body. 
Nests  of  cells  are  present  more  frequently  in  the  region  where  the 
parietal  veins  open  into  the  cardinal  veins  than  alongside  the  aorta, 
and  they  also  occur  along  the  caudal  vein  and  its  branches :  these 
ganglia  are  connected  with  the  suprarenal  organ  (q.v.).  The 
sympathetic  extends  into  the  head. 

In  Masmobranchs  the  sympathetic  reaches  a  higher  stage  of 
development,  and  it  has  been  shown  that  the  ganglia  first  appear 
after  the  dorsal  and  ventral  roots  have  united  to  form  the  spinal 
nerve- trunks,  just  at  their  point  of  union,  each  ganglion  containing 
from  the  first  both  afferent  and  efferent  elements.  Except  in 
its  most  anterior  embryonic  segment,  in  which  the  ciliary  ganglion 
represents  a  part  of  this  system,  the  head  is  without  sympathetic 
ganglia.  A  sympathetic  cord,  connecting  the  ganglia,  is  not  de- 
veloped in  Elasmobranchs,  although  some  of  the  individual  ganglia 
may  become  united  together,  while  others  disappear  at  an  early 
stage. 

A  cranial  portion  of  the  sympathetic  exists  in  Tcleosts,  arising 
from  the  trigemi no-facial  system  of  nerves  and  possessing  three 
ganglia :  in  the  trunk,  too,  there  is  a  well-developed  cord  of  ganglia, 
frequently  connected  with  its  fellow  by  transverse  commissures,  the 
two  cords  gradually  converging  antero-posteriorly.  A  similar  con- 
dition has  been  found  to  occur  in  the  Dipnoi  (Protopterus),  in  which 
the  delicate  longitudinal  sympathetic  cords,  with  occasional  ganglia, 
extend  along  the  aorta  and  notochord :  nothing  is  known  of 
their  connection  with  the  cerebral  nerves. 

In  Amphibians  (Fig.  145),  the  sympathetic  reaches  a  high  stage 
of  development.  It  ends  anteriorly  in  the  ciliary  ganglion,  extends 
along  the  aorta  through  the  trunk  and  caudal  regions  as  a 
ganglionated  cord,  and  has  numerous  anastomoses  with  the  spinal 
and  cerebral  nerves ;  it  is  intimately  related  with  the  suprarenal 
and  abdominal  veins  (postcaval  and  revehent  renal  veins). 

In  the  Sauropsida  the  cervical  portion  of  the  sympathetic  is 
usually  double,  one  part  running  within  the  vertebrarterial  canal 
alongside  the  vertebral  artery.     In  all  other  Vertebrates  the  whole 
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cord  lies  along  the  ventral  and  lateral  region  of  the  vertebral 
column :  it  is  generally  situated  close  to  the  latter,  overlying  the 
vertebral  end  of  the  ribs. 

In  Mammals,  the  cervical  portion  of  the  cord  may  have  an 
independent  course  from  the  vagus,  or  it  may  be  more  or  less 
closely  applied  to  the  latter  nerve,  the  anterior  cervical  ganglion  of 
the  sympathetic  and  the  vagus-ganglion  forming  a  single  mass ;  the 
j)osterior  cervical  ganglion  commonly  fuses  with  the  first  thoracic. 
From  the  anterior  cervical  ganglion  the  sympathetic  passes  into 
the  skull  along  with  the  internal  carotid  artery,  and  its  cranial 
IK)rtion  takes  on  relations  to  the  cerebral  nerves — more  particularly 
the  Vth,  IXth,  and  Xth,  as  in  other  Vertebrates.  Numerous 
branches  also  pjiss  from  the  anterior  cervical  ganglion  to  the  hypo- 
glossal, the  anterior  cervical  nerves,  and  to  the  pharynx,  larynx,  &c. 


III.   SENSORY  ORGANS. 

The  s[)ecific  elements  of  the  sensory  organs  originate,  like  the 
nervous  system  in  general,  from  the  ectoderm;  the  peripheral 
terminations  of  the  sensory  nerves  are  thus  always  to  be  found  in 
relation  with  cells  of  ect<xiermic  origin,  which  become  secondarily 
connected  by  means  of  nerve-fibres  with  the  central  nervous 
system.^ 

The  sensory  apparatus  was  primarily  situated  on  a  level  with 
the  cpidorm,  and  served  to  receive  sensory  impressions  of  but 
slightly  specialised  kinds ;  but  in  the  course  of  phylogeny  parts  of 
it  passed  inwards  beneath  the  epiderm,  certain  of  these  becoming 
differentiated  into  organs  of  a  higher  physiological  order,  viz., 
those  connected  with  srncll,  sight,  hcariiuj,  and  taste.  These  are 
situated  in  the  head,  and  except  the  last  mentioned,  become 
enclosed  in  definite  mesodermic  sense-capsules  (p.  77)  ;  they  must 
be  distinguished  from  the  simpler  integnmentafy  sense-organs,  which 
are  concerned  with  the  senses  of  touch,  pressure,  and  temperature. 
In  addition  to  free  n^rve-endings  in  the  skin,  various  specific 
forms  of  sensory  cells  occur,  and  these  may  be  surrounded  by 
suppo7'ting  or  isolating  cells,  both  kinds,  however,  being  ectodermic. 
The  mesoderm  may  also  take  part  in  the  formation  of  the  sensory 
organs,  giving  rise  not  only  to  the  above-mentioned  sense-capsules, 
but  also  to  various  protective  coverings  and  canals  as  well  as  to 
contractile  and  nutritive  elements  (muscles,  blood-  and  lymph- 
channels). 

In  the  sensory  organs  of  the  integument  of  bmnchiate  Verte- 
brates, as  well  as  in  all  the  higher  sensory  organs,  the  surrounding 

*  The  vertebrate  eye  forms  an  exception  to  the  other  Hense-organs  in  that  it 
arises  £roQ|  i^  part  of  the  eo^<)d9rii^  whicn  has  been  involuUx\  to  form  the  medullary 
tube, 
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medium  is  always  moist,  and  in  both  cases,  rod-,  club-,  or  pear- 
shaped  sensory  cells  are  met  with. 

In  those  animals  which  in  the  course  of  development  give  up  an 
aijuatic  life  ^nd  come  on  land  (most  Amphibians),  the  external 
layers  of  the  epidenn  dry  up,  and  the  integumentary  seuEe-organs 
fwiss  further  inwards  from  the  surface,  undergoing  at  the  same 
time  changes  of  form.  Thus  from  Reptiles  onwai^s  other  kinds 
of  sense-organs  are  met  with  in  the  skm. 


Sense-Organs  of  the  Integument. 

a.  Nerve-eminenees. 

In  Amphioxus  certain  rod-shaped  or  pear-shaped  cells  can  be 
recognised  in  the  epiderm,  especially  in  the  anterior  part  of  the 
animal ;  each  of  these  is  provided  distally  with  a  hair-tike  process 
and  proximally  is  in  connection  with  a  nerve.  The  cdls  are 
distributed  irregularly,  but  in  the  neighbourhood  of  the  mouth 
and  cirri  they  form  groups. 


siz  sz  sa 


BO,  blood- vessel ;  Ep,  epiderm  ;  SZ,  mtaary  colU;  Sl.Z,  BUpportJDg  cells. 


It  is  doubtful  whether  these  structures  in  Amphioxus  are 
directly  comparable  to  the  integumentary  sense-oigans  of  Fishes 
and  Amphibians,  but  it  is  important  to  note  that  each  of  the  latter 
always  arises  in  the  first  instance  from  a  single  cell  which  forms  a 
group  by  division.  These  organs  always  consist  of  central  cells, 
arranged  in  the  form  of  a  rounded  and  depressed  pyramid,  and 
of  a  peripheral  mass  grouped  around  the  former  like  a  mantle. 
The  central  cells  arc  surrounded  by  a  network  of  nerve-fibres ; 
each  of  them  bears  at  its  free  end  a  stiff  cuticular  hair,  and  they 
are  the  sensory  cells  proper:  the  others  have  merely  an  isolating, 
supporting  and  slime -secreting  function  (Figs.  183  and  184). 

In  Dipnoi,  pei-ennibranchiate  Amphibia,  and  amphibian  larvae 
these  organs  retain  their  peripheral  free  position,  on  a  level  with 
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Fill.    IS4,    A.— LOMUITUDINAI,   V'kKTICAL    KtUTlUN    UK  THK  iJKIN    ANU  A  lutTKHAI. 

Link  Oiumv  of   Triion   rri^alHn    ui'kinii   thk  Bkkkuini:  IJeabon,   wiikn 
TMR  Anihai.  LivKH  IN  THK  Watbk.     (After  Maurtr.) 


B. — leH)L.iTi!D  Svn 


m,  Utonl  nervD,  uul  .V,  bnaobe*  to  sensory  orguiis  ;  (M,  aperlure»  of  the  lateral 
anal  to  tbn  azterior  ;  S,  icalaa  ;  SO,  aensoty  orgaiw  in  the  lateral  canal. 
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the  epiderm,^  but  in  other  Fishes  (as  is  also  the  case  on  the  head 
in  Dipnoans)  they  may  eventually  become  enclosed  in  depressions 
or  complete  canals:  these  are  often  branched,  and  are  formed 
either  by  the  epiderm  only,  or  more  usually,  by  the  scales  and 
bones  of  the  head,  and  they  open  externally  from  point  to  point 
(Fig.  184,  c). 


Fk;.  185.  — Sensory  Canals  of  Chim<tra  monHtrofta,     (After  F.  J.  Cole.)    The 
innervation  is  indieiited  by  the  different  kinds  of  shading. 

(1.)— Supra-orbital  canal  (innervated  by  superficial  ophthalmic  of  facial — 
cross-hatched  :  the  black  segment  is  the  portion  innervated  by  the  pro- 
fundus )=  cranial  ((7)-f  rostral  (/?)  + sub- rostral  (SR). 

(2.)  Infra -orbital  canal  (buccal  +  otic  of  facial — dotted)  =  orbital  (Or)  + 
sub-orbital  {SO)  +  portion  of  angular  {A )  t-  nasal  {N). 

(3.)  Hyoniandibular  or  operculo-mauilibular  canal  (external  mandibular  of 
facaal — black )  =  remainder  of  angular  (^4)4- oral  (0)-l- jugular  (J), 

(4.)  Lateral  canal   (lateral  line    branch   of    vagus — oblique  shading)  =  lateral 
(Z/)  + occipital  (Or)  +  aural  (-'!«)  + post-aural  {PAv). 
The  small  dots  on  the  snout  represent  the  apertures  of  ampullary  tubes. 

The  distribution  of  these  sensory  organs  extends  over  the  whole 
body,  but  (except,  e.g.  in  Pctromyzon),  they  are  situated  character- 
istically along  certain  tracts,  the  position  of  which  is  very  constant: 
on  the  head,  supra-orhitaly  infra-orhital,  and  hyoviandihdar  tracts 

^  At  the  time  when  an  Amphibian  undergoes  metamorphosis  and  gives  up  its 
aquatic  habits,  these  sensory  organs  sink  downwards  into  the  deei>er  layer  of  the 
skin,  and,  as  the  epiderm  grows  together  over  them,  they  become  shut  off  from 
the  ext<jrior  and  reduced,  and  may  finally  disappear  (Anura  and  certain  Caduci- 
brancliiata).  In  others  of  the  latter  group,  in  which  they  are  retained  and  also  new 
ones  are  formed,  they  come  to  the  surface  when  the  animal  returns  to  the  water 
during  tlie  breeding  season  (Fig.  184,  a).  Peculiar  sense-organs  are  present  in 
the  juiuatio  Xenopus  and  in  Ichthyophis  glutinosus.  The  horny  wart-like 
structures  arising  periodically  during  the  breeding  season  in  Cyprinoids,  and 
known  as  "pearl-organs,"  are  due  to  a  modification  of  the  reduced  nerve- 
eminences.     Similar  structures  occur  in  Anura. 


SENSE-ORGANS  OF  THE  INTEGUMENT  253 

can  be  recognised,  and  along  the  sides  of  the  body  and  tail 
are  one  or  more  lateral  lines'^  (Figs.  185  and  186).  These  struc- 
tures are  thus  often  spoken  of  as  segmental  scnsoi^y  wgans,  or  mgaiis 
of  the  lateral  line  - :  primarily  they  have  not  a  metanieric  arrange- 
ment, and  where  such  is  seen,  it  is  always  secondary.  The  portions 
lying  in  the  region  of  the  head  are  the  first  to  be  developed.  They 
are  innervated  by  the  lateral  line  branches  of  the  facial,  glosso- 
pharyngeal and  vagus  (cf.  pp.  242,  245). 

It  is  thus  clear  that  the  entire  lateral  nervous  system  and  its 
modifications,  including  the  auditory  organ,  is  a  specialised  system 
differing  morphologically  and  histologically  from  all  the  other 
integumentary  sense-organs. 

The  so-called  SavVs  vesicles  of  Torpedo,  the  nei^e-mcs  or 
pit-organs  of  Teleostomes,  and  the  avqndlarg  tubes  of  Elasmo- 
branchs   correspond    to    modified    nerve-eminences.      These    are 


Fic  186.— Distribution  of  the  Lateral  Sense-Oroans  in  a  Sala&iaxder 

Larva. 

all  limited  in  their  distribution  to  the  head  and  anterior  portion 
of  the  trunk,  being  most  numerous  on  the  snout :  they  arise  from 
thickenings  of  the  epiderm  which  later  become  invaginated  and 
in  which  a  sensory  epithelium  is  diflferentiated.  In  Teleostomes 
these  organs  retain  a  simple  sac-like  form,  and  are  situated 
abundantly  on  the  head  and  along  accessory  lateral  lines  on  the 
trunk :  in  Tor|)edo  they  become  completely  separated  from  the 
epiderm,  while  in  other  Elasmobranchs  they  are  tubular,  each 
tube  giving  rise  to  one  or  more  swellings  or  ampulla*  of  varied 
form  enclosing  mdial  folds  of  connective  tissue  and  eonUiining  the 
nerve-end  organs,  which  are  supplied  by  the  lateral-line  system 
of  nerves.     The  tubes  are  filled  with  a  gelatinous  subsUince. 

These  integumentary  sense  -  orgjius  are  extremely  ancient 
structures,  for  traces  of  them  have  been  observed  in  Jurassic 
Elasmobninchs,    and    even   in    the   Devonian   Cephahispida)  and 

*  There  are  several  lateral  lines  in  Polypt^rus  and  various  other  Fishes,  in 
Prot<5U8,  and  in  all  amphibian  larvae. 

'^  The  lateral  canal  system  of  Polyodon  comes  nearest  to  that  of  EUlsino- 
branchs,  and  in  Acipenser  it  shows  certain  resemblance  to  that  of  Bony  Oimoidi; 
in  that  the  sensory  organs  Ijecome  embedded  within  cranial  elements.  In  Lepi* 
dosteus,  branched  secondary  canals  arising  from  the  main  canals  of  the  luMid 
extend  into  the  cranial  bones  :  this  is  not  the  case  in  Polypterus.  In  TftlfmittMM 
the  system  is  very  different  from  that  of  Klasmobranchs,  but  resembles  thrt  ef 
<Tanoids  in  many  respects— e.£^.  in  often  having  the  canals  proteoted  br  !■■ 
structures  :  in  other  respects  the  different  families  end  speeiee  differ  mnop  ^ 
one  another,  and  reductions  of  the  lateral  line 
Siluroids). 
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Pteraspidae :  the  so-called  "  spectacles  "  of  Archegosauriis  probably 
belong  to  the  same  category.  Their  function  is  not  thoroughly 
understood,  but  there  is  no  doubt  that  they  are  concerned  with 
the  perception  of  mechanical  stimuli  from  the  sun-ounding  water, 
and  are  thus  probably  important  in  appreciating  the  direction  of 
these  stimuli.  As  already  mentioned  (p.  242),  they  and  the  auditory 
organ  are  genetically  related  to  one  another,  the  ear  being  merely 
a  specialised  portion  of  the  lateral  line  system. 


b,  End'hvds  and  gustatory  organs. 

Although  various  intermediate  forms  between  the  nerve- 
eminences  and  end-buds  occur,  it  is  an  open  question  as  to  whether 
there  is  any  genetic  connection  between  these  two  kinds  of  sense- 
organs,  and  it  is  important  to  bear  in  mind  that  the  nerve-supply 
in  the  two  cases  is  a  very  different  one. 

In  contrast  to  the  nerve-eminences,  which  tend  to  sink  below 
the  surface,  the  end-buds  usually  fonn  a  dome-like  elevation  pro- 
jecting above  the  general  level  of  the  epiderm.  A  central  sensory 
epithelium,  provided  with  sensory  hairs,  and  peripheral  supporting 
cells  can  be  recognised,  but  the  former  are  as  long  as  the  latter. 
These  organs  arc  supplied  by  the  facial  nerve. 

In  Lampreys  and  most  Elasmobranchs  they  remain  at  a  primitive 
stage  of  development,  but  become  of  great  importance  in  Teleos- 
tomes,  in  which  they  are  scattered  irregularly  over  the  whole  body 
and  are  particularly  numerous  on  the  fins,  lip-folds,  barbules,  and 
mouth. 

From  Dipnoans  onwards  they  are  limited  to  the  oral,  pharyngeal, 
and  nasal  cavities,  and  are  supplied  by  the  IXth  and  Xth  as  well 
as  by  the  Vllth  nerve.  Thus  in  Amphibians  they  occur  on  the 
papillae  of  the  oral  and  pharyngeal  mucous  membrane,  on  the 
margins  of  the  jaws,  and  on  the  apices  of  the  fungiform  papillae  of 
the  tongue,  which  may  possibly  have  a  gustatory  function. 

In  Reptiles  the  distribution  of  these  organs  is  somewhat  more 
limited,  and  in  Birds  true  taste-buds,  though  present  in  the  mouth 
and  pharynx,  are  wanting  on  the  horny  tongue.  The  lingual 
branch  of  the  glossopharyngeal  nerve  is,  however,  strongly  de- 
veloped in  many  groups  {e.g,  Lamellirostres),  and  functionally 
replaces  the  sensory  bmnch  of  the  trigeminal,  which  is  wanting  in 
the  avian  tongue.^ 

^  In  Lizards  aud  Crocodiles  typical  gustatory  organs  are  present,  chiefly  on 
the  soft,  glandular  mucous  membrane  of  the  pharynx :  they  are  wanting  on 
the  tongue  and  in  the  anterior  part  of  the  oral  cavity.  In  Birds  their  dis- 
tribution is  apparently  dependent  on  the  size  and  form  of  the  tongue  :  when  the 
latter  is  nari'ow,  they  are  situated  on  the  thin,  glandular  mucous  membrane 
of  the  lower  beak  ;  and  when  it  is  broad,  on  that  of  the  upper  beak  or  of  the 
pharynx.  Their  arrangement  is  irregular,  and  their  number  varies  greatly  in 
the  <lifferent  groups,  being  greatest  in  Parrots  (300-400),  in  which  their  structure 
resembles  that  of  the  gust-atory  organs  of  Mammals. 
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In  Mammals,  organs  of  taste  are  still  found  on  the  soft  palate, 
on  the  walls  of  the  pharynx,  and  even  extend  into  the  larynx  ;  but 
they  are  most  numerous  on  the  tongue,  where  they  occur  on  the 
circumvallate  and  fungifonn  pipilhe  as  well  jvs  on  the  papilla 
foliata.^ 

Thus  the  specific  integumentary  sense-organs  of  acpiatic  Verte- 
bnites  have  not  entirely  (lisappeared  in  terrestrial  fonns,  certain  of 
these  (end-buds)  being  retamed  even  in  Mammals,  under  the 
necessary  condition  of  a  moist  me<lium.^ 

c.  Tactile  cells  and  coiyiischs, 

(Terminal  ganglion-cells.) 

In  these  structures  tht»re  is  no  longer  any  direct  connection 
with  the  surface  of  the  epiderm,  and  supiM)rting  cells  are  wanting. 
"Tactile  spots,"  consisting  of  groups  of  tactile  cells,  are  met  with 
for  the  first  time  in  tailless  Amphibians,  in  which  they  are 
usually  situated  t»n  small  elevations,  and  are  distributed  over  the 
skin  of  the  whole  body  (Fig.  187,  a).     Phylogenetically  they  are 

?irobably  derivable  from  the  integumentary  sense-organs  of  the 
chthyopsida.  In  Reptiles,  amongst  which  they  retain  the  simplest 
form  in  Hatteria  and  are  arranged  along  the  margins  of  the  scales, 
they  are  found  chiefly  on  the  lips  and  sides  of  the  face  and  on  the 
snout,  but  in  some  cases  (as  in  Blindworms,  Snakes,  and  young 
Crocodiles)  they  are  present  on  the  scales  over  the  whole  body, 
and  are  usually  arranged  symmetrically.  In  Snakes  and  Birds 
the  tactile  cells  are  confined  to  the  mouth-cavity  (tongue)  and  to 
the  beak  (cere),  and  are  much  closer  together,  fonning  definite 
masses^  or  tactile  cori)uscles.  Rich  of  these  is  surrounded  by  a 
nucleated  connective  tissue  investment  from  which  septa  extend 
into  the  interior,  pjirtially  sejMirating  the  individual  tactile  cells 
frcmi  one  another:  the  "  (Irandry  s  corj)uscles"  occurring  on  the 
beak  (Fig.  187,  d)  are  modified  tactile  corpuscles. 

In  Mammals  the  tactile  cells  are  either  isolated — as,  for  instance, 
on  the  hairless  portions  of  the  body,  or  they  give  rise  to  oval 
corpuscles,  each  consisting  of  a  many-layere<l  and  nucleated  invest- 
ment, into  which  a  nerve  passes,  becomes  twisted  up,  and  comes 
into  relation  with  one  or  more  terminal  cells  (Fig.  187,  H,c).  These 
are  most  numerous  and  highly  develope<l  on  the  volar  and  plantar 

^  Two  circumvallate  papillic  are  preflent  in  Monotremes,  three  in  Marsupials, 
and  a  variable  number  in  the  Kutheria.  Foliate  papilla;  are  especially  well 
developed  in  Rodents,  but  in  manv  Mammals  are  little  marked  or  wanting.  The 
relative  functional  importfinco  of  the  different  kinds  of  papilla.*  varies  in  the 
oourse  of  the  individual  life  in  Man.  In  Cetaceans  {e.g.  Dolphin)  only  vestiges 
of  the  gustatory  organs  are  retained. 

*  Nothing  18  known  as  to  whether  certain  of  these  organs  in  lower  Verte- 
brates are  concerned  with  the  sense  of  taste,  or  whether  a  change  of  function  has 
taken  place  in  passing  to  the  higher  forms  :  the  nerve-supply  is,  however, 
interesting. 
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Fia.  IK7a.  ~-  A  Tactilb 
Spot  from  tiik  Skin  ok 
THK  Frwi.  Semi-dia- 
Knmmatk.  (Modified 
trom  Merkel.) 

1,  a,  neuro-epilheliiim  ;  It, 
opiclerm;A,  nerve,  winch 
liHeailH  nieilullar}'  ahealh 


FiQ.  J87c.— A  Tactilr  Cobpusole  (End-Bclb. 

OR  KjlAtTSE's  CORPDSOIJ!)   FROH  THE  MARGIN 

OF    THE    Cosjnst-riVA    nr    Man.       (After 
Dogiel.) 
b,  nucleated  fibrona  investment ;  n,  niedul1at«d 
nerve   fibre,   the  axia-fibre  of  which   paases 
into  a  closely  coiled  terminal  akein. 


Fro.   187ti.— Derbai,  PArii.i.A 

KKOH    THE    Hl-MAN    FiNOKU 

KS<^i/)SiiNO  A  Tactile  Cor- 
i'i'si;i.E    (Mkishnek'h    C<m- 

pUMCi.E).  (After  La wdowaki. ) 

n,  fibrous  and  cellular  invcat- 
nient  i  b,  tactile  corpuaulc, 
with  itBcelU ;  h,  nerve- fibre  ; 
n',  the  further  course  of  the 
nerve-fibre,  ahowing  ita  curv- 
ing l>ranchca ;  n",  terminal 
twigs  of  the  nerve-fibres  with 
club-shaped  endingx. 


I.  1H7d.— Tra.ssvrriib  !jkction 
TiiROUOH  A  Tactile  CoRPrsri,K 

(liRAKDHVs'    Coni-URCLE)    FROM 

THK  UF.AK  or  A  DuoK.     (After 

Carriire.) 

II,  nerve,  entering  the  capaulo  A', 
its  ahcath  {S)  becoming  con- 
tinuouB  with  the  latter.  The 
nen-e  paaaea  between  the  two 
cove  ring- cells,  DZ.  DZ,  widen- 
ing out  to  forai  a  tactile  p]at« 


surfaces  of  the  hand  mid  foot  respectively  and  on  the  conjunctiva 
sintl  anoiit,  iind  arc  especially  well-marked  on  the  snout  in  the  Mole : 
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they  are  simplest  on  the  glans  penis  nnd  glnn^  clitnridis.  It  is 
doubtful  whether  they  occur  on  hairy  portiona  of  the  akin,  though 
it  ia  certain  that  the  hairs  (an<f  more  especially  the  vibrissa',  cf  p,  30), 
have  a  sensory  function,  which  is  very  marked  in  the  case  of  those 
on  the  wings  and  ears  of  Bats. 

Circumacribed  and  well-inncrvatod  areas,  each  composed  of  a 
cap  of  thickened  and  curioualy  modified  epithelium  covering  a 
dermal  papilla,  have  been  observed  in  numerous  Mammals  close  to 
the  hairs:  these  Juth'-dUcs  represent  a  special  kind  of  sensory 
apparatus.  In  Man,  each  disc  is  a  small,  rounded  structure  situ- 
ated in  the  acute  angle  between  the  oblique  hair-shaft  and  the 
skin-surface :  in  a  corresponding  jKisition  in  the  obtuse  angle 
opposite  to  it  is  another  well-marked,  smooth  area,  probably  corre- 
sponding to  ascale-rudiment.  These  two  structures,  together  with 
the  other  accessory  organs  of  the  hair  (glands,  muscles,  nerves, 
vessels,  &c,),  constitute  a  well-defined  "  hair-area,"  which  ia  probably 
the  morphological  equivalent  of  the  reptilian  scale. 

'/.   Club-shaped  or  lamellar  corpuscles. 

(Pacinian  corpuscles.) 

In  Lizards  and  Snakes  chib-shapcd  corpuscles  are  present  m 
addition  to  the  above-described  tactile  organs,  occurring  chiefly  in 
the  region  of  the  lips  and  teeth  and  also  on  the  body  (e.g.  Ijicerta) ; 
they  have  an  elongated,  oval  furni,  and  their  structure  is  simple. 


When  more   highly  deveIopc<l,  the  interior  of  each  corpuscle 
shows  the  continuation  of  the  axis-fibre  of  the  nerve  surrounded 
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by  numerous  lamellae :  on  it  either  knob-like  buds  or  networks  can 
be  recognised,  the  latter  surrounding  the  main  fibre  (Fig.  188). 
Often  also  there  is  a  double  cohunn  of  cells  surrounding  the  axis. 

Organs  of  this  kind  are  universally  present  in  the  (leeper  layers 
of  the  derm  in  Birds  and  Mammals:  in  the  former  they  are 
particularly  abundant  on  the  beak  and  at  the  bases  of  the 
contour-feathers  of  the  wings  and  tail,  and  are  also  found  on 
the  tongue.  They  occur,  moreover,  in  various  other  regions,  both 
in  Birds  and  Mammals  (e.g,  on  the  various  organs  of  the  ab- 
dominal cavity,  the  conjunctiva,  the  fascial,  tendons,  ligaments, 
the  vas  deferens,  periosteum,  submaxillary  glands,  mesentery,  peri- 
cardium, pleura,  corpus  cavernosum  and  spongiosum,  the  wing- 
membrane  of  Bats,  &c.).  Their  size  varies  greatly  even  in  the  same 
individual. 

The  tactile  cells  and  tactile  and  club-shaped  corpuscles  are  all 
concerned  with  the  sense  of  touch  and  pressure.  It  is  impossible  to 
say  definitely  what  nerve-endings  have  to  do  with  the  perception 
of  temperature ;  it  is  not  improbable  that  the  touch-cells,  as  well  as 
the  nerve-fibres  often  provided  with  varicose  swellings  which  end 
freely  in  the  epiderm,  are  here  concerned.  Such  free  nerve-endings 
occur  in  the  skin  of  all  Craniata  and  consist  of  a  branched,  inter- 
cellular network,  no  direct  connection  between  nerve  and  epithelial 
cell  having  been  observed. 

OLFACTORY   ORGAN. 

The  olfactory  nerves  are  connected  with  the  olfactory  lobes 
which  arise  as  prolongations  of  the  secondary  fore-brain,  the 
ventricle  of  which  is  temporarily  or  permanently  continued  into 
them :  as  already  mentioned,  each  olfactory  lobe  is,  in  some  cases, 
differentiated  into  bulb,  tract,  and  tubercle. 

The  filaments  of  the  olfactory  nerves  are  arranged  in  a  single 
bundle  on  either  side,  or  in  two  more  or  less  distinct  bundles. 
The  individual  fibres  pass  from  the  cnmial  cavity  into  the  nasal 
cavity  either  separately,  through  a  cribriform  plate  of  the  ethmoid 
(p.  129),  or  through  a  single  aperture  on  either  side.  The  latter 
is  the  case,  e.g.  in  Fishes,  all  Amphibians  except  Menopouia, 
Reptiles,  all  Birds  except  Apteryx  and  the  extinct  Dinornis,  and 
Ornithorhynchus :  in  all  Mammals  except  the  hxst  mentioned  a 
cribriform  plate  is  present. 

The  primary  origin  of  the  olfactor}'  organ  is  by  no  means 
understood,  and  it  is  doubtful  whether  it  can  be  said  to  have  atnie 
olfactory  function  in  aquatic  types.  In  its  simplest  form,  the  organ 
consists  of  a  ventral,  paired,  pit-like  depression  of  the  integument 
of  the  snout  opening  on  to  the  surface  by  an  external  nostril.  It 
is  lined  by  ectodermal  epithelium,  which  ^ives  rise  to  a  "  primary 
olfactory  ganglion,"  the  individual  elements  of  which  at  first  re- 
semble unipolar  nerve-cells :  from  these,  the  olfactory  fibres  grow 
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centripetally  towards  the  olfactory  lobes  and  pass  into  the  fore-brain, 
when  they  become  connected  with  the  olfactory  centre.  The 
individual  olfactory  cell  and  tibre  thus  form  an  organic  imit — a 
primitive  condition  snch  m  occurs  in  certain  integumentary  sense- 
oreann  of  Womis  ami  Molluscs,  but  not  in  any  of  thu  other  sensory 
colls  of  Vertebrates,  The  olfactory  cells  thus  constitute  the  only 
true  licaro-fpUhdiuin  in  Vertebrates,  as  the  nerve  arises  in  connec- 
tion with  the  cell  itself,  with  which  it  remains  continuous  {primary 
scnitory  cell) :  in  other  accoTuiary  nerve-cells,  the  relation  of  cell  and 
nerve  is  one  of  apposition  merely, 

In  their  final  fbnii,  the  olfactory  cells  are  donated,  swollen  in 
the  region  of  the  nucleus,  and  bear  hair-like  processes  on  their  free 
ends,  while  proximally  each  is  continuous 
with   a  nerve-fibre  (Fig.  189).      Between  ,    „   „ 

them  are  isolating  or  supporting  cells, 
which  have  a  .similar  origin,  and  ciliated 
cells  may  also  be  present. 

The  olfjictory  organs  in  all  Fishes  are 
of  a  simple  sac-like  fonu,  but  from  the 
Dipnoi  onwards  they  come  to  communicate 
with  the  cavity  of  the  mouth  as  well  as 
with  the  exterior.  In  consequence  of  this, 
imterior  or  extrmiil  noUrils,  iind  posterior  or 
iHlcriuU  nostrils  (c/iocnaf)  can  be  distin- 
guished :  an  a  free  passage  is  thus  funned 
through  which  air  can  pass,  the  ulfttctory 
organ  takes  on  an  important  relation  to 
the  respiratorj'  ai)paratus,  and  in  it  olfac- 
tory and  respiratory  regions  can  be  dis- 
tinguished,' From  the  Amphibia  onwards 
glandular  elements  are  present,  the  secre- 
tion of  which  serves  to  keep  the  nasal 
cavity  moist. 

In  AmphloxiM,  the  ciliated  pit  sup- 
plied by  a  nerve  and  situated  above  the 
anterior  end  of  the  central  nervous  system 
probably  represents  an  nn)Hiired  olfactory  organ. 

Cyolostomet. — ^In  these  forms  the  olf!u;tory  organ  consists  of  a 
sac  enclosed  by  a  fibro-cartilaginous  cn|»iule  containing  numerous 
i-adiat  folds  of  the  muctjus  membrane  enclosing  tnn-shape<l  sense- 
buds,  and  is  uni<)ue  in  being  unpuircfl  (Fig.  190).  It  lies  just  in 
fi-ont  of  the  cranial  cavity,  and  ojk'US  on  the  dorsal  surface  of  the 
head   by  a  chimney-like  tube,  which  in  Myxine  is  long  and  is 

of  the  primitive  choninv  in  already  imlicuttd  in 
I  in  the  enibryu  of  Ceratuliia,  in  which  a  groove, 
Lteniln  backwnnU  froui  eueh  external  nuHtril  to 
_  ,.  whicli  wat«T  paMteH.     In  MainmalB  tiiere  is  nu 

■oral  funnel,  anil  the  cleveroniiieiit  of  the  cSonntt  in  the  liiglicr  Vartebratea  ia 
ionipanieil  hy  a  aecoiiilary  perforalion  of  tlie  primarily  lilind  nnnal  sac. 


Fm.  189— KirrHKUi'M  ov 

TIIK   OLFAimiKr   Ml-IX)!'!) 

MRHniUNK.  A.otFflro- 
myzoH  plautri;  K,  of 
Sal'iBliHilm  atra.' 


'  The  mode  of   ft 
many  Eloamobranths  a«  wel 
b»untle<l  by  folila  of  the  ski 
the  mouth  (Fig.  191,  a),  tlirouuh  wl 
naxo-oral  funnel,  anil  the  ileveiopnn 
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supporttH  by  rings  of  citrtilage.    This  tube  is  coDTiDacd  backwards 
IKim  tht-  vfiitral  si<li*  of  tho  oliactwrj-  orgHn  above  the  mucotis 


ami  ihibni.) 


■SrCTION  THRUUnH  THK  HKAD  OF  A 
IREE  RUIX-EMIVB  SrAGEa,  TO  SHOW  THK 
[IINS  OC  TUB  OlFACTOBT  AND  PiTCITAIlV 
FROM   THK   VKXTaAI.    TO    THK    DoBSAL 

Okal  KrKNBL.      (Mftinly  after  Kupffrr 


Ch,  iiotoc'liiir<l ;  Cki'i",  tiytiv  oliiaHiiiu  ;  C.';.,  iiinual  Itody  ;  Hff,  hind-brain  j  Jlyp, 
liituitui'j'  Milt ;  ■/»/,  iiifiiMililiiilutn  ;  Al/t,  BtouioitieuFii ;  Mff,  mid-bnin  ;  OL, 
UL,  upptT  uiiil  li)wer  niiir((iiiB  of  oraL  fiiHiiel  ;  IfO,  olfactory  mw  ;  VET, 
{KMiitum  iif  enilufk'i'iiiic  [art  of  );ut  sliown  in  C  {VOD]  opening  into  Uie 
Htomoilii-uni  1   I'//.  f<iru-bmiii. 

inc-mbnkiK'  of  the  mouth:  in  Petromj-win  it  forms  a  blind  pouch, 
but  in  Myxinti  oi^hh  iuto  th<i  uml  cavity  us  n  nato-palatine  duet. 

Although  liii;  olfjictory  nervo  is  paired,  the  first  trace  of  the 
olfactory  sac  in  ihc  embryo  is  SL'on  )i.s  an  unpaired  plate,  which  soon 
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becomes  grooved :  its  unpaired  chnracter  ia  probably  Hecondary. 
In  Petruinyzon  it  ftrisea  on  the  ventral  side  of  the  head  in  front  of 
the  oral  invohition  (stontodeeuni),  and  between  it  and  the  mouth  is 
another  ectodermal  invagination,  the  j>ifHi(fl7:y  «ic  (Fig.  190).  In 
the  course  of  development  the  olfactory  and  pituitary  invaginations 
become  sunk  in  a  common  pit,  which,  owing  to  the  growtn  of  the 
large  oral  funnel,  gradually  becomes  shifted  to  the  dorsal  side.  On 
the  further  elongation  of  the  naso-pituitnry  sac  to  form  the  above- 
mentioned  tube,  the  olfactory  aac  opens  into  it  posteriorly,  and  is 
incompletely  divided  into  right  and  left  halves  by  a  septum  which 


grows  down  from  the  donuil  side.  The  pituitary  body  urisea  by 
the  formation  of  follicles  irtim  the  pituitary  sac  whcrt^  it  [wusses 
below  the  infumlibulum. 

FlBhei. — The  position  of  the  olfactory  organ  in  Elasmobranchs 
(Fig.  191,  a)  differs  from  that  seen  in  Cyelostomes  in  being  on  the 
under  instead  of  the  upper  surface  of  the  snout,  and  thus  retains 
II  more  primitive  poMition,  In  many  forma  each  nostril  is  con- 
nected with  the  mouth  by  a  naso-oml  gr^jove  (cf.  Note  on  p.  259), 
From  these  Fishes  onward  the  organ  is  always  paired,  each  sac 
being  more  or  less  completely  enclosed  within  a  cartilaginous  or 
bony  investment  forming  an  outwork  of  the  skull,  and  being  situated 
between  the  eye  and  the  end  of  the  snout,  either  latt-rally  or  more 
or  less  dontiilly. 

In  the  course  of  development  each  cxtenial  nostril  of  Teleo- 
-stomcs  boeomes  eomptetely  divided  into  two  portions,  an  anterior 
and  a  posterior,  by  a  folil  of  akin.  The  anterior  aperture  is  often, 
and  the  posterior  sometimes,  situated  at  the  summit  of  a  longer  or 
shorter  tube,  lined  by  ciliated  cells,  and  the  distance  between  the 


Fiii.  18!.-^,  Vkntral  Vikw  .if  tiik  Hbau  hi-  a  ))(HiciSH  iSiglHum  mHicula). 
HSO,  integumentary  sciiHa-orgnnB  ;  Af,  iiiuiith  -,  X,  tiogtril. 

B,  Latkhal  View  of  tiik  Hkau  .iif  a  Vike  (S«u' /iictiM).  Ag,  eyo -.  nand /.,  tlie 
aiitcriiir  niiil  poBtcriur  opciiingii  nf  the  c^itcmal  nostrils,  anil  t,  fold  of  skin 

Heparaling  thwn. 

F»i.   191,— e,  Lateiul  Vikw  or  tiik  Hkai.  ok  Muritna  htjeua. 

A ,  uyv  ;  HSO,  mtegunieiilary  senncorgaiis  ;   VII  ami  II R,  anterior  anil  posterior 
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two  Hj>ertures  varies  greatly,  according  to  the  width  of  the  fold  of 
skin  which  separates  them  (Fig.  191,  B  and  c).  A  ])as8agc  for 
the  water  is  thus  here  also  present,  but,  unlike  that  of  Elasnio- 
branchs,  is  not  connected  with  the  mouth. 

The  mucous  membrane  of  the  nasal  organ  of  Fishes  is  always 
raised  up  into  a  more  or  less  complicated  system  of  folds,  which 
may  have  a  transverse,  radial,  n)sette-like,  or  longitudinal  arrange- 
ment, and  on  which  the  sensory  cells,  as  well  as  ciliated  cells,  are 
situated.^ 

A  nasal  skeleton  which  is  well  differentiated  from  the  skull 
proper  is  met  with  for  the  first  time  in  Dipnoans.  In  Protopterus 
it  consists  of  a  cartilaginous  trellis-work,  enclosing  the  olfactory 
siie  and  united  with  its  fellow  in  the  median  line  by  a  solid  septum  : 
the  floor  is  fonned  mainly  by  the  pterygopalatine  and  by  con- 
nective tissue.  The  mucous  membrane  is  rais(»d  into  numerous 
transverse  folds  connected  with  a  longitudinal  fold,  and  the  olfac- 
tory organ  in  general  most  nearly  resembles  that  of  Elasinobranchs, 
except  that,  as  already  mentioned  (p.  259),  internal  as  well  as 
exUfmal  nostrils  are  present.  The  latter  opc^n  beneath  the  upper 
lip,  and  so  cann(»t  be  seen  when  the  mouth  is  closed ;  the  former 
open  into  the  oral  cavity  rather  further  back.^ 

Amphibians.  —  The  olfactory  organ  of  Perennibranchiates 
i*esembles  in  many  respects  that  of  the  Dipnoans:  it  is  always 
enclosed  within  a  complete  or  perforated  cartilaginous  capsule 
situated  laterally  to  the  snout  close  beneath  the  skin,  and  is  not 
protected  by  the  bones  of  the  skull  (Fig.  102).  Its  floor  is  largely 
fibrous,  and  the  mucous  nuMubrane  is  raised  into  radial  folds  like 
those  of  Cyclostomes  and  Polypterus. 

In  the  higher  Amphibia  th(»  olfactory  orgjin  is  more  com- 
pletely included  within  the  cranial  skeh^ton,  and  its  structure 
becomes  mo<lified  in  eorrespon<lence  with  the  change  in  the 
mode  of  respiration,  the  misal  chamlnir  giving  ris(^  to  a  s])ecial 
respiratory  ]H)rtion,  into  which  the  external  and  internal  nostrils 
oimn.  In  Urodeles,  the  lumen  of  the  organ  is  from  the  first 
simple,  while  in  Anurans,  dorsal,  middle,  and  ventral  portions 
may  early  be  distinguished  ;   but  in  both  cases  the  cavity  becomes 

*  The  olfactory  organ  probably  reaches  its  highest  development  an<l  most 
complicated  form  amongst  ¥  ishes  in  Tolypterus.  The  nostril  leads  into  an  outer 
cavity,  which  communicates  with  the  olfactory  sac  proper,  and  the  latter  is 
divicted  up  into  six  railial  compartments  arranged  around  a  central  spindle  and 
separnted  bv  complicated  septa,  8c»  that  a  transverse  secti(m  of  the  organ  some- 
what resembles  in  anj)earan<re  tliat  of  an  orange.  In  ccrUiin  representatives  of 
the  Plectognathi  and  (iynm(Nlontc8  amongst  Teleosts,  on  the  c»ther  hand,  the  organ 
shows  various  stages  of  degeneration,  and  may  even  undergo  almost  entire 
re<luction. 

'^  The  peculiar  {K^sition  of  the  anterior  narcs  has  a  physiological  signiticance, 
at  any  rate  in  Protopterus,  in  c<mm'ction  with  the  habits  of  the  animal ;  during  its 
summer  sleep  the  animal  breathes  thnuigh  a  tube,  passing  lietween  the  lips,  formed 
from  the  capsule  or  (M»c<K)n  which  encloses  it.  i'he  necessary  moisture  for  the 
olfactory  mucous  membrane  during  tliis  time  is  provided  by  the  numerous  goblet 
cells  which  line  the  walls  of  both  nostrils  (cf.  p.  20). 
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complicated  Inter  by  the  development  of  blind  pouches  or  grooves, 
which  are,  however,  more  marked  in  Anum,  and  more  especially 
in  Gymnophiona,  than  in  Urodela.  The  prominences  or  ridgea 
projecting  into  the  nasal  lumen 
oetween  the  pouches  are  analo- 
gous to  the  turbinals  of  higher 
turms.  A  wain  chamber  and  a 
more  laterally  situated  aaxsaory 
cavity  can  be  distinguished,  the 
latter  extending  into  the  maxil- 
lary bone  (Fig.  193).  In  certain 
Gymnophiona  the  accessory  cham- 
ber becomes  entirely  shut  ofiF  from 
the  main  cavity  and  receives  a 
special  branch  of  the  olfactory 
nerve,  so  that  in  these  cases  two 
separate  nasal  cavities  can  be 
distinguished.  The  external  nos- 
trils are  always  lateral  in  the 
adult,  but  in  Urodeles,  this 
position  is  attained  secondarily. 
They  are  opened  and  closed  by 
muscles. 

Glands,  situated  under  the 
olfactory  mucous  membrane,  arc 
now  met  with  in  terrestrial  forms; 
these  are  eithor  diffused,  or  united  to  form  definite  maasea  They 
either  open  directly  into  the  nasal  cavity,  their  secretion  serving 
for  the  necessary  moistening  of  the  mucous  membrane  (etfectal 
in  Fishes  and  in   larval  and   pcrennibmnchiate  Amphibians  by 


Fin.  IB-i— Ox.Mi,TORr  Okiian  of  Xer- 
funu  mamlatun.     From  the  dorsal 

AF,  antflrbiUl  proceas  ;  F,  fmntal ; 
.V,  olfuctory  eue;  (H.  olfactory 
nerve ;  /',  process  of  tlie  parietal ; 
i'ms,  preinuxilla  ;  PP,  palaloptery- 
Ijoid. 


,  cartilajfinoiiB,  nril  .9",  flbrouB  portion  of  the  turbinal,  which  oniisi 
iiltattory  epithelium  (fi)  to  project  fat  into  the  uaiial  cavity  ;  /",  fr 
ID,  intermaxillary  (jland,  shjit  off  from  thu  cavity  of  the  mouth  by  i\ 
imiL-HUH  membrane  (3^^'} ,  K,  maxillary  cavity  ;  M,  maxilla  :  N,  main 
cavity  ;  Pf,  prefrontal ;  iS^i,  nasal  septum ;  S,  *'',  oltwjtory  mucoiw 
bninc  :   lop,  vomero-palatine. 


the   external    medium),   or   they  pour   their   secretion   into   tho 
pharynx   or   posterior   nostrils,     The   latter  are  always   situated 
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Utiumbly  fnr   forwards  on   the   roof  of  the   mouth,  and  arc  for 
thu  most  part  enclosed  by  tbe  vomer,  or  voincro-palatioe. 

A  naso-lacri/mal  diict  paaacs  out  from  the  anterior  angle  of 
the  orbit,  through  the  lateral  wall  of  the  nose,  and  opens  into 
the  nasal  cavity  on  the  inner  side  of  the  up|>er  jaw.  It  conducts 
the  lacrj'nial  secretion  from  the  conjunctival  eac  of  the  eye  into 
the  nasal  canity,  and  ariwea  in  all  Vertebrates,  from  the  Myctodera 
onwards,  as  an  epithelial  cord  which  is  se[)amted  off  from  the 
epidenn,  and,  growing  down  into  the  derm,  becomes  hollow 
secondarily.  A  noso-lacrymal  duet  is  wanting  in  Proteus  and 
■Siren. 


ReptUw.— Owing  to  the  growth  of  the  brain  and  fiicial  region 
and  to  the  fonnation  of  a  secondary  palate  (p.  1 1 2),  the  olfactory 
organs,  from    Reptiles    rmwards,  gnvdually  come  to    extend    more 
ventrally  beneatn   the   cranium.     As   in 
Amphibians,  a  lateral  or  ventral  respira-  ar 

tory,  and  a  median  olfactory  portion  can 
be  recognised. 

The  simplest  olfactory  oi^ns  amongst 
Reptiles  are  seen  in  Lizards,  Snakes,  anil 
many  Chelonians.  The  nasa!  cavity  of 
Lizards,  for  example,  is  divided  into  two 
iK)rtion»,  a  smaller  outer  (anterior),  and  a 
larger  inner  (iKwterior)  or  olfactory  cham- 
ber proper  (Hg.  194j.  The  latti^r  alone 
is  provided  with  sensory  cells,  the  former 
Ix'ing  lined  by  oniinary  stratitiod  epi- 
thelium continuous  with  the  epidemi :  it 
may  cont^tin  goblet-cells,  but  encloses  no 
agpregate<l  glands,  and  ext*.'nially  to  the 
epithelial  layer  ai-e  muscular  elements  and 
cavernous  tissue.  A  large  fold  or  twi- 
Mnal,  slightly  n>Ilcd  on  itself,  arises  from 
the  outer  wall  of  the  inner  nasa)  chamber, 
and  extends  far  into  its  lumen ;  this  is  also 

well  develo[>ed  in  0]ihidia,  in  which  a  distinct  outer  nasal  chamber 
is  wanting,  but  is  very  simple  in  the  Amphisbienidu'.  The 
skcletid  supports  of  the  turbinals  in  Reptiles  as  in  all  higher  fonns, 
are  developed  seeondarily, 

A  large  gland  which  opens  at  the  boundary  between  the  inner 
and  outer  nasJil  cavities  lies  within  the  turbinal  {except  in 
Ifatteria),  and  com's[MjndM  tn  the  superior  nasal  gland  of  Uixxleles. 
Below  the  turbinal  is  the  aperture  of  the  lacrymal  duc-t :  in  some 
Reptiles  this  opens  on  the  roof  of  the  pharynx  (Ascalabota), 
ami  in  others  into  the  internal  nostrils  (Ophidia),  which,  as-  in 
Amphibians,  are  usually  situated  on  the  anterior  part  of  the  roof 
of  the  mouth. 


ai.PAl.TURV     OWIAN     OF     A 

Li/.AKn.        (LnngituiUnal 
vertical  mctinn. ) 

AN.  /Y,  onUir  an.l  inner 
rwiMil  uliAmboni ;  f,  tubv- 
like  coniiuctiiTi  between 
them  ;  CA,  intorna]  iioh- 
trih :  US,  anX  niiimii)' 
mcnibraiic  ;  P.  iMpilla  of 
Jseobnon't  iirgiin  (q.i:). 
aii<l  Cn,  Hh  njierture  of 
comniuniuation  with  the 
mouth. 
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The  structure  of  the  nose  in  Chelonians  is  very  complicated 
and  varied.  In  marine  Chelonians  the  organ  is  divided  into  two 
passages,  one  above  the  other,  and  connected  by  means  of  a  per- 
foration of  the  septum.  The  comparative  paucity  of  glands  in 
the  olfactory  organ  of  Lizards  and  Snakes  forms  a  marked 
contrast  to  the  condition  seen  in  Chelonians,  the  nasal  organ  of 
which  is  characterised  by  a  great  abundance  of  them. 

The  extension  downwards  and  backwards  of  the  olfactory  organ 
is  most  marked  in  Crocodiles,  in  correspondence  with  the  forward 
growth  of  the  facial  region  and  the  formation  of  the  palate ;  its 
posterior  part  thus  lies  below  the  brain  and  base  of  the  skull,  the 
naso-pharyngeal  passage  being  so  much  elongated  that  the 
]X)sterior  nostrils  open  far  backwards  into  the  pharynx.  Each 
nasal  chamber  is  divided  posteriorly  into  two  superimposed  cavities, 
the  upper  of  which  represents  the  proper  olfactory  chamber,  and  is 
lined  by  sensory  epithelium,  while  the  lower  serves  as  a  respiratory 
passage  only.  Certain  accessory  air-chambers  are  connected  with 
the  nasal  cavity.  A  large  gland  is  present  between  the  olfactory 
chamber  and  its  investing  bones,  and  opens  on  either  side  of  the 
nasal  septum,  posteriorly  to  the  external  nostrils,  by  one  or  two 
apertures.     As   in  other  Reptiles,  there   is  only  a  single   true 

turbinal,  but  externally  to  it  lies  a  second 
0]fr  prominence,  which  may  be  spoken  of  as  a 

pscudo'turhinal,   and   which  possibly  corre- 
sponds to  the  upper  turbinal  of  Birds. 

JtM-  -\M( /^^^^  \\  Birds. —  In  all  Birds,  as  in  Lizards,  there 

is  an  outer  chamber  lined  by  stratified  e[)i- 
thelium,  and  an  olfactory  chamber  proper, 
situated  above  the  former.  In  addition  to 
a  turbinal  corresponding  to  that  of  Reptiles 
and  usually  known  Jis  the  middle  turbtHal, 
there  is  a  so-called  np2ier  ittrhinal  (Fig.  195) : 
the  former  is  comparable  to  the  maxillo- 
turbinal  and  the  latter  to  the  naso-turbinal 
of  Mammals  {q.v.\  A  special  projection 
composed  of  undifferentiated  epithelium  and 
situated  in  the  outer  chamber  may  be  dis- 
tinguished jvs  the  vestibular  turbinal.  There 
is  no  longer  any  olfactory  epithelium  on 
the  middle  turbinal  in  the  adult,  and  the 
upper  turbinal  <luring  development  gradually  passes  backwards 
relatively  to  the  middle  turbinal,  which  is  usually  aupjx)rted  by 
cartilage  or  more  rarely  by  bone,  and  the  form  of  which  varies 
greatly.  It  may  be  reprosecuted  by  a  moderate-sized  prominence, 
or  may  become  more  or  less  rolled  on  itself:  the  lacrymal  duct 
opens  below  and  anteriorly  to  it.  The  narrow,  slit-like  internal 
nostrils  open  comparatively  far  back. 


Fio.  19.5. — Transvkrsk 
Section  TURomJii  thk 
Rkjht  Nasal  Cavity 
OP  A  Shrike  (Laniun 
minor). 

a,  upper,  aiul  h,  lower 
nasal  passage ;  LIfy 
air-ehaniber,  which 
extends  into  a  hollow 
of  the  upper  turbinal; 
OiV,  J/J/,  upi>er  and 
middle  turbinal.s. 
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inferior  (iiiaiilUrv),  //,  i>ii<ldle,  ami 
///,  BUjHTior  tiirliinnl  ;  rr.  bue  of 
HkiiU  ;  N,  lip  <if  now ;  lu,  KusUvhiun 
aperture  ;  jJ,  liiml  )ialat«  ;  t>  niiiwr- 
nutiierary  riJup!  (oi-hilurbinal)  which 
iHriMiFB  in  tlio  embryo. 


The  wccalltti  external  nasal  glaml  of  Birds  i^  ^ituuhMl  on  the 
fruntal  or  nasal  bones,  alone  the  iipiK-r  margin  of  the  orbit.  It 
is  supplied  by  the  first  and 

second   branches  of  the  tri-  *  jr       ■bi- 

geminal, and  correspomis  to  \  '      /■,' 

the   lateral    naaatl    gland    of  *    —  ^"^ 

Lizarda 

Mammal*. — ConcsiKind  - 
ing  to  the  more  mnrke<)  de- 
velopment of  the  facial  [wr- 
tion  uf  the  skull,  the  naHil 
cavity  of  Mammals  is  propor- 
tionately much  larger  tnan 
in  the  fornia  describeil  obovc, 
and  consequently  there  is 
much  more  room  for  the  ex- 
tension of  the  tiirbinals. 
These  give  rise  to  a  spongy 
labyrinth,  with  cell-like  com- 
partments lined  by  mucous  membrane;  and  thus  variously- 
shape<l  projections,  supported  jMirtly  by  cartilage  and  (mrtly  by 
bone,  are  seen  extending  into  the  niisal  cavity,  and  the  olfactory 
organ  reaches  its  highest 
development  amongst  Ver- 
tebmt<:8.  As  in  other  ter- 
restrial foiins,  however,  a 
jHwterior  (upper)  olfactory 
region  of  con8i<ierable  ver- 
tical extent,  and  an  anterior 
(Iowit)  rettpiffitoi-if  regun 
can  b<'  recogiiisetl,  in  each 
of  which  turbinaJH,  with 
their  skeletal  supjKirts,  are 
developed  (Figs.  196-198). 
In  the  olfactory  region 
arc  found  a  series  of  tniu 
olfactory  ridges,  or  scrolls, 
situated  in  the  jmstorior 
or  median  parts  of  iiich 
nasid  chamber.  The  muc- 
ous membrane  covering 
thi'se  conttiins  olitictory 
colls  an<l  is  supplied  by 
the  olfitotory  n<Tve;  their 
skoletjil  sxipjKirts  become 
united  later  to  theethnioid. 
In  the  resitiratory  {xirtioti. 


.  inferiiir  (inn^ilbkrv), 
Hii)i«rior  tiirbinitl  :  If 
I'j.  tongue;  O".  qiw 
tulw;  xh',   froiiliil  si 
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which  communicates  with  the  pharynx  by  the  posterior  nostrils, 
the  turbinals  arise  from  the  lateral  walls  of  the  chamber  and  are 
developed  later  than  the  ethmoid  turbinals  :  their  skeletal  frame- 
work unites  with  the  maxillary  bone,  while  a  less  complicated 
ridge,  which  may  unite  with  the  nasal  bone,  can  usually  be 
recognised.  The  ethmoturhinals  project  forwards  between  the 
nasohcrhinals  and  maxilloturbinais;  the  two  last-mentioned  no  longer 
possess  an  olfactory  epithelium,  and  have  plainly  undergone  a 
change  of  function  in  connection  with  the  perception  of  the 
warmth  and  moisture  of  the  inspired  air.  When  well-developed, 
the  maxilloturbinal  forms  a  single  or  double  coil,  and  may  even 
be  more  or  less  branched  (Fig.  197)  ;  fibres  of  the  maxillary  division 
of  the  trigeminal  supply  its  mucous  membrane. 

The  ethmoturbinals  referred  to  above  (e7idoturhinals)  are  peculiar 
to  Mammals,  as  are  also  certain  accessory  folds  situated  laterally 
to  them  and  also  belonging  to  the  ethmoid  (Fig.  198) :  these  may 

J  B  C  DBF 


Fits.  197.— Vakious  Forms  of  the  Maxili/)turbinal  Bone  in  Mammaus. 

Af  double  coil ;  B^  transition  fn)ni  latter  to  single  coil,  E^  F;  C,  transition  frotn 
double  coil  to  the  dendritic  form  D.     (After  Zuckerkandl.) 

be  described  as  the  postero-lateral  or  edoiurhinals  to  distinguish 
them  from  the  endoturbinals  and  from  the  antero-lateral  maxillo- 
turbinais and  nasoturbinals,  which  correspond  to  those  of  the 
Sauropsida. 

The  ethmoid  turbinals  are  aiTanged  in  a  row  more  or  less 
parallel  or  obliquely  to  the  palate :  their  number  and  relative 
development  varies  considerably  amongst  Mammals  and  is  propor- 
tionate to  the  development  of  the  olfactory  lobes  and  sense  of 
smell.  In  Monotremes  two  extreme  types  are  seen :  Echidna 
possesses  a  highly  developed  and  compliciited  labyrinth  of  six  or 
more  scrolls,  while  in  Ornithorynchus  the  labyrinth  is  greatly 
reduced  in  adaptation  to  an  aquatic  mode  of  life.  A  definite  type 
with  five  endoturbinals  occui-s  in  Marsupials,  and  this  may  be 
taken  as  primarily  typical  for  the  Eutheria :  it  is  approached  most 
nearly  in  Insectivores,  in  which  there  are  from  four  to  six,  and  a 
very  similar  condition  is  seen  in  Hyrax,  Bats,  Carnivores,  Rodents, 
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and  Lemura  In  Ungulates,  Elephants,  and  Edentates,  further 
complications  have  arisen,  and  the  nuinbcT  of  endoturbinals  has 
considerably  increased  secondarily  (<7.//.  to  nine  in  Orjcteropus).  In 
Primates  (Figs.  196  and  199),  on  the  other  hand,  reduction  has 
occurred  from  the  condition  found  in  Lemurs.^ 

The  ectoturbinals  differ  so  greatly  in  the  individual  onlersand 
even  species  that  they  ciinnot  be  re<hiced  to  a  common  type.  In 
Marsupials,  Insectivores,  Hymx  and  Bats,  they  are  few  in  number, 
while  in  ITngulates,  Elephants,  Carnivores,  Seals,  Edentati's, 
Rodents,  and  in  Echidna,  they  are  more  numerous :  in  Ornitho- 
rhynchus  the  ectoturbinals  are  entii-ely  wanting,  as  is  also  the  case 
in  most  Primates  and  to  a  less  extent  in  I-.emurs. 

According  to  the  degree  of  development  of  the  olfactory  appa- 
ratus, taking  specially  into  account  its  cerebral  portion  (olfactory 


Scfotviiiinal'  -  - 


.*  Sinlotviittnah 


*\ 


Sfnlotiii'ttintUM 


St^lum  ntui 


Fi«.  198.— Diagrammatic  Tran8Vkr.hk  Section  TiiKoriiii  thk  Nasal  Cavity 
nv  A  Mammal,  to  show  tiik  Relations  ok  thk  Enih)-  and  E<to- 
ti:kbinaia     (McNlitiiHl  from  Paulli.) 


lobes,  &c.,  cf.  pp.  200,  228),  we  may  distinguish  between  Mammals 
which  are  viacrosinatic  (the  majority  of  the  mammalian  orders), 
viicrasTTuUic  (e.g.  Seals,  Whalebone-Whales,  Primates),  and  (CfwS' 
inatic  (most  Toothed  Whales). 

Except  in  Monotrcmes,  the  nasal  chamber  communicates 
with  neighbouring  cavities,  such  as  the  maxillary,  frontjxl,  and 
sphenoidal  sinuses  (Figs.  19()B  and  199):  the  two  last-mentioned 
cavities  arise  in  connection  with  the  nasal  apparatus,  and  in  forms 
with  a  well-developed  sense  of  smell  may  enclose  olfactory  folds  ; 

^  PritiiateM  posseRH  one  to  three  ethmoturbinalR,  but  traces  of  as  many  ah  five 
have  been  recogiiisecl  in  the  embryo.  The  nasoturbinal  in  anthro|x>iil  Apes  and 
Man  is  also  more  or  less  retluceil. 

In  addition  to  a  reduction  or  entire  degeneration  of  these  parts  in  Cetacea, 
the  nose  is  shortened  and  the  nostrils  have  a  dorsal  position,  some  distance  l>ack 
from  the  apex  of  the  snout :  in  the  toothed  forms  they  unite  and  oi>en  by  a 
single  valvular  aperture.  In  this  Order  a  series  of  paired  **  nasal  mios"  are 
present  umler  the  skin,  the  function  of  which  is  not  known. 
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but  with  the  reduction  of  this  sense,  they  lose  their  primary 
function,  often  persisting  merely  as  air-sinuses  or  even  disap- 
pearing entirely*  (Pinnipedia). 

The  nasal  glands  of  Mammals  may  be  divided  into  two  sets, 
— numerous  small,  diffuse  Bowman's  glands,  and  a  large  Stamu's 
gland.  The  latter  appears  eariy  in  the  embryo,  and  in  many  wisea 
undergoes  reduction ;  it  is 
situated  in  the  lateral  or 
basal  walla  of  the  nasal 
cavity,  opening  into  the 
vestibule  of  the  nose,  and 
may  extend  into  the  maxil- 
lary sinus. 

The  presence  of  an  e.t- 
temal  nose  (cf.  p.  131),  which 
must  be  regarded  as  a  de- 
rivative of  the  outer  nasal 
chamber  of  Reptiles  and 
Birds,  is  very  characteristic 
of  the  olfactory  organ  of 
certain  Mammals,  that  of 
Man  being  of  a  specialised 
type  not  exactly  comparable 
a,  h,  r,  iiiturior,  miiidlc.  and  superior  nasal  ^  t^e  SO-Called  external 
pauage  ;  Ccr,  cranial  cavity ;  HO,  hani  nose  of  other  Manituals. 
palate  ;  /,   II.   Ill,   inferior  (iiiaxillary),      ^  is   supported   by  an  out- 

niiddle,    and    superior    turbinal  ;    J,    J,  ,        l        ■  f  tu  i 

position  of  vestiaial  Jacobson's  or^ana.  ward  extension  of  the  nasal 
which  are  situated  nearer  the  floor  of  the  bones  and  by  the  cartlla- 
covity  than  is  indicated  in  the  figure  ;  M,      ginous    septum    nasi  which 

inaxilla:   Or,   wall  of  orbit;   Sj   aeptum      °  ■         c  .l        ii A   l, 

lu.« ;   SL,  eth...oidal  labyrinth  ;  ',  ^int      'l"SeS  from  the  ethmoid,  bv 

at  which  the   naaolocrymal  duot  openn ;     the      roofing     lateral     nasal 

t,cnlrance  into  the  maxillary  Binu9(e,m|.      cartilages     connected     with 

the   septum,    and    by    the 

vomer,  as  well  as   by  other  secondarily   independent  cartilages 

(alinasah),  which   were   primarily   continuous  with   the   genemi 

Holid  cartilaginous  wall,  but  become  differentiated  from  the  latter 

in  various  ways  in  accordance  with  varied  functional  adaptations. 

The  outer  nose  contains  a  paired  cavity  (vestibule)  continuous  with 

that   of  the  olfactory  chambers,  and  may  be   provided   with  a 

compliciited   musculature,   which    in   diving   Mammals   forms  a 

sphincter   in  connection  with  a  special   valvular  apparatus   for 

closing  the  nostrils.     An  excessive  development  and  increase  in 

the  musculature,  as  well  as  an  upward  and  backward  shifting  of 

the  nasal  apertures  in  their  relation  to  the  skull,  is  seen  in  those 

'  The  maxillary  niiiuB  in  tlic  most  constant,  and  is  typical  for  the  Eutheria  : 
it  iiBually  entenrls  into  a  uuniber  of  ueighbonring  bonen.  In  general,  the  pneu- 
inaticity  of  the  skull  is  in  direct  proportion  to  the  size  of  the  animal  ■.  in  Iiuecti- 
vorca  and  BatK  tlic  maxillary  KiriuB  is  the  only  one  prusent. 
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forms  in  which  the  external  nose  grows  out  to  form  a  longer  or 
shorter  trunk  or  proboscis,  at  the  distal  end  of  which  the  nostrils 
<)pen  {e,g.  Shrew,  Mole,  Pig,^  Tapir,  Elephant).  By  means  of  its 
abundant  nerve-supply,  the  proboscis  serves  as  a  delicate  organ 
of  touch  and  may  even  give  rise  to  a  prehensile  apparatus 
(Elephant).  In  the  Ape  Ndsidis  the  peculiar  and  grotesque 
external  nose,  with  <lownwardly  directed  nostrils,  cannot  be 
directly  compared  with  the  human  external  nose. 


VOMERO-XASAL  (JaCORSON's)   OrGAN. 

By  the  term  *'  Jacobson's  organ  "  is  understood  a  paired  acces- 
sor}' nasivl  c^ivity  which  in  an  early  embryonic  stage  becomes 
differentiated  from  the  nasal  chamber,  and  which  is  supplied  by 
the  olfactory  and  trigeminal  nerves. 

This  cavity  is  first  met  with  in  Amphibians,  but  is  wanting  in 
Proteus  and  Necturus.  In  the  larvte  of  Anum  and  Myctodera  a 
small  gutter-like  medio-ventral  outgrowth  of  each  nasjil  cavity 
is  formed,  and  in  most  Urodeles  this  later  undergoes  a  relative 
change  of  j)osition,  so  as  to  be  situated  laterally  (Fig.  200,  AD): 
at  its  blind  end  a  gland  is  developed.  The  accessory  njisiil 
chamber  of  Cajcilians  -  (p.  204)  is  developed  in  a  similar  manner 
(e),  and  a  large  gland  is  in  connection  with  it. 

The  vomero-nasal  organ  of  the  Amniota  is  also  developed  in  the 
medio-ventral  part  of  the  nasal  chamber,  close  to  the  septum  nasi. 
It  loses  its  primary  connection  with  the  former,  but  in  Hatteria, 
Lacertilia,  and  Ophidia  retains  its  median  position,  lying  between 
the  fl(M)r  of  the  nasiil  cavity  and  the  roof  of  the  mouth.  It  is  lined 
by  an  olfactory  epithelium  and  communicates  in  front  with  the 
mouth  through  the  nasojmlatine  canal.  A  papilla  usually  extends 
into  its  cavity  from  the  floor  (Figs.  194  and  2(i0,  F).  These  organs 
are  not  present  in  ( -roccMliles,  Chelonians,  and  Binls,  but  more  or 
les.s  distinct  indications  of  them  have  been  described  in  the  embryo 
in  some  cases. 

Amongst  Mammals,  Ja(!obson  s  organ  is  well  marked  in  Mono- 
tremes  (tig.  200,  (i),  in  whi«!h  it  is  much  more  highly  developed 
than  in  most  Lizards  (except  Monitors).-*   It  c<mtains  a  well-marked, 

*  The  external  noMi  tiiuy  Ih3  further  HiipiK)rto(l  by  a  incMlian  pre-iitisul  Inuiu 
[fjj.t  Mole,  Pig).  In  ChryHochloris  it  is  capiHJil  by  h  horny  Hhiehl,  and  in 
Condyhira  its  Hat  disc  is  provi(k>d  with  numerous  tactile  appt'inlages. 

'^  A  curious  apparatus  existH  in  the  (iynniophiona  in  conn<.-!ctioii  with  the 
nasal  cavity  and  orbit.  It  consists  of  a  retractile  tentacle,  a  Hbrous  capsule  with 
muscles,  and  a  large  gland,  o|>eiiing  near  the  snout.  Its  function  is  not  thoroughly 
understood,  and  the  same  is  true  of  the  tentacle-like  *' balancers"  of  larval 
Urodela  and  Aglossa. 

•"*  In  the  Australian  liat,  A/iuwjittniJ*y  it  is  even  larger  relatively  than  in 
Monotrenies. 


I,  Illuatntting  the 
UroJclcB  :  in  A  itH  , 

urganbecomesBopttratcdfronitberaauinaBoIcavilv.    F, Iju^ruigilia'arOraiiioThynehM  I 
(After  Symington.)    H,  Placental  Maninial ;  I,  tlie  wme,  iu  longitudinal  vertical  section    I 

epiderm;  ir.j,  JBCobson'acartilage  ;  d.n,  naso-lBCrjniftl '"'■"*  ■ --•-- !.■._..   .      . 

'—1 ;  je.  Jacobw>n's  organ  ;  mx,  maxilla  ;  m. ,  . 

,  trigemiiinl  nerve;  o.d,  dumli-bell  shaped  Ijoiie  (] 
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turbinal-like  ridge,  supported  by  cartilage  ct)ntinuou8  with  that 
enveloping  the  organ  and  covered  with  ciliated  epithelium,  and 
numerous  glands  are  present  in  the  mucous  membrane.  In  other 
Mammals  (h,  l)  it  becomes  more  or  less  reduced,  though  often 
well-marked,  even  in  the  adult,  consisting  of  two  tubes  lying  at 
the  base  of  the  septum  nasi,  usually  enclosed  by  separate  para- 
septal  cartilages,  which,  as  in  Lizards  and  Monotremes,  arc 
diflferentiations  of  the  nasal  septum  {e.g.  Marsupials,  Edentates, 
Insectivores,  Rodents,  Carnivores,  Ungulates).  A  branch  of  the 
olfactory  nerve  enters  the  tube  posteriorly,  and  anteriorly  the 
cavity  of  the  organ  communientes  with  the  mouth  through  the 
incisive  or  naso-pjilatine  canals.  Vestiges  of  the  organ  exist  even 
in  Man  (Fig.  199;. 

The  function  of  Jacobson's  organ  maybe  concerned  with  bring- 
ing the  food  taki^n  into  tlu»  mouth  under  the  direct  ccmtroi  of  the 
olfactory  nerve. 


Eve. 

As  already  mentioned,  the  first  rudiment  of  the  eye  arises  as 
a  paired  outgrowth  from  the  primary  fore-brain,  known  as  the 
pHmary  optic  vesicle  (Fig.  201,  a).  It,  therefore,  like  the  olfactory 
lobe,  represents  a  part  of  the  brain,  and  in  this  respect  differs 
from  the  Invertebmte  eye,  which  arises  by  a  differentiation  of  the 
cells  of  the  suj>erfici«al  ectoderm. 

At  the  point  where  the  vesicle  touch(^s  the  ectoderm,  the  latter 
becomes  thickeneil,  and  the  outer  wall  of  the  vesicle  is  asymmetri- 
cally invaginated  to  fonn  a  double-walled  cup,  the  secondary  optic 
vesicle  (Fig.  201,  B),  at  first  ojr'U  below  at  the  slit-like  dtoroid 
fissure.  The  inner  and  outer  walls  of  the  cup  then  become 
fused,  the  former  giving  rise  in  its  deejx^r  |)art  to  the  sensory 
epithelium  of  the  retina,  and  the  latter  to  the  pigment  epi- 
theliumy  and  als<i  to  the  muscles  of  the  iris,  which  are  thus 
of  ectodermal  origin  (p.  275).  As  the  optic  vesicle  grows  out- 
wards towards  the  outer  skin  of  the  embrj'o,  the  portion  which 
connects  it  with  the  brain  becomes  constricted  and  by  degrees 
loses  its  cavity,  giving  rise  to  a  solid  coi-d,  the  optic  stalk.  The 
fibres  of  the  optic  nerve  are  first  differentiated  in  the  retinal 
jM)rtion,  and  grow  centrij)etjilly  along  the  optic  stalk  towards  the 
brain  ;  centrifugal  fibres  also  arise  later. 

In  the  adult  bn\in,  the  optic  nerve  is  seen  to  arise  from  the 
diencephalon,  its  fibres  t\\tending  upwanls  and  backwards  to  the 
optic  lobes,  and  three  more  or  less  sharply-differentiated  portions 
of  it  may  in  most  cases  be  distinguished  ;  these  are  spoken  of, 
from  the  proximal  to  the  distal  end  respectively,  as  the  (rptic  tract, 
diiasma,  and  nerve. 
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A  chiaama,  that  is,  a  crossing  of  the  fibres  of  the  two  optic 
nerves,  doubtless  always  occurs  though  not  always  freely  exposed, 
for  it  may  retain  a  primitive  positioD  deeply  embedded  in  the  base 
of  the  brain  (e.ff.  Myxinoids,  Dipnoans,  and  to  a  certain  extent  in 
Petroinyzon).  In  most  Teleoats  the  optic  nerves  simply  overlie 
ene  another  (Fig.  202,  a),  but  in  some  of  these  Fishes  (Clupea 
(b),  Engmulis),  one  nerve  passes  through  a  slit  in  the  other,  and 


Fia.  201,  A.— DiAiiKAU 
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C,  vitreoun  uhauiber  of  the  eye,  between  the  leiin  and  retina,  which  Uter  becomes 
filled  hy  the  vitreous  humour  -,  //,  remains  of  the  cavity  of  the  prini&ry  optic 
vesicle;  IB,  inner  ia.yet  of  the  secondary  optic  vesicle,  from  which  the 
retina  arises  ;  f,  point  at  which  the  latter  is  continuous  with  the  oater  U^er 
(Ali),  from  which  the  pigment  epithelium  is  formed  i  Ii,  lens,  which  arues 
OS  a  cup-flhuped  involution  of  the  ectoderm  (£) ;  ',  point  of  involution  of 
ectoderm  to  form  the  lens  ;  SfJIf,  mesodermic  tissue,  which  at  M',  M',  grows 
in  between  the  outer  ectoderm  and  the  lens  an  the  latter  becomes  separated 
olf,  and  which  ffivcs  rinc  to  tlie  comea  as  well  as  to  the  iris 


this  condition  (if  things  is  gi-adually  carried  still  further  in  Reptiles, 
until  finally  the  fibres  of  the  two  nerves  intercross  in  a  very  cora- 
plicjited  manner  {c,  D),  giving  rise  to  a  sort  of  basket-work;  this  is 
finest  and  most  delicate  in  Mammals,  where  its  structure  can  only 
be  analysed  by  comparing  a  series  of  sections. 

To  return  to  the  further  development  of  the  eye,  the  ectodermic 
thickening  mentioned  above  becomes  separated  from  the  ectoderm, 
sinks  more  and  more  into  the  interior  of  the  optic  vesicle,  and  is 
differentiated  to  form  t\iGC!i-ys(ulline.lciis{Yi^.  201,  b).     It  is  usually 
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at  first  a  hollow  invagination,  reminding  one  of  a  primitive  sen- 
sory organ  of  the  Anarania  or  of  the  primitive  olfactory  pit.  On 
the  closure  of  the  aperture  of  invagination,  it  forms  a  vesicle,  the 
thinner  outer  wall  of  which  gives  rise  to  the 
so-called  lens-epithelium,  while  the  cells  of 
the  thicker  outer  wall  elongate  to  form  the 
transparent  fibres  of  which  the  greater  part 
of  the  lens  is  composed. 

The  remaining  space  within  the  optic 
vesicle  becomes  filled  by  tissue^  which  ex- 
tends through  the  so-called  choroid  fissure 
(p.  273),  and  gives  rise  to  the  vitre(nt8  hnly  or 
humour  (Fig.  201,  b).  Blood-vessels  also 
extenfl  into  the  vesicle  in  the  same  manner, 
and  othere  arise  at  its  periphery,  where  a 
definite  vjiscular  and  pigmented  membrane, 
the  choroid^  is  formed  from  the  surrounding 
nu^s'Klenn. 

Internally  to  the  lens,  the  choroid  gives 
rise  to  the  cUiai^y  folds,  while  more  extern- 
ally it  passes  in  front  of  the  lens  to  form 
the  ii*i8,  which  retains  in  the  centre  a  circular 
or  slit-like  aperture,  the  pupil,  through  which 
the  rays  of  light  pass  (Fig.  203).  The 
amount  of  light  admitted  is  regulated  by 
the  dilator  and  constrictor  (sphincter)  muscles  yiq,  202.— Chi  asm  a  of 
of  the  iris,  which  are  able  to  increase  or 
lessen  the  size  of  the  pupil ;  the  iris  thus 
.serves  as  a  screen  to  regulate  the  amount  of 
light  which  enters  the  eye. 

Not  only  are  the  size  and  form  of  the 
pupil  inconstant,  but  the  lens  is  also  capable  chi,  chiasma  of  the 
of  undergoing  considerable  change  in  relative  bundleof  nerves  lying 
position  (e.g.  Fishes,  Amphibians,  Snakes)  or  ^"J?  iateraV  fibr^' 
in  form,  becoming  more  flattc^ned  or  more  which  do  not  cruns. 
convex,  as  the  case  may  be  (e.g.  Mammals, 
Bird.s,  Lizanls.  Chelonians):  the  former  condition  occurs  when 
distant,  the  latter  when  near  objects  are  looked  at.  This 
deliciite  iiccommodating  ap{)aratus  in  higher  fonns  is  regulated 
by  A  cilia.i'y  muscle  (tensor  choroidece)  supplied  by  the  oculomotor 
nerve,  which  arises  in  a  circle  all  round  the  eye  from  the  point  of 
junction  of  the  iris  and  sclerotic  and  is  inserted  along  the  peri- 
pheral border  of  the  iris. 

Externally  to  the  vascular  layer  of  the  choroid  is  a  lymph- 
sinus  with  pigmented  walls  (laminu  fusca),  and  externally  to  this, 
again,  is  a  finn,  fibrous,   jmrtly   cartilaginous,   or   even   ossified 

*  By  some  enibryoIogiHU  IhiB  tissue  in  said  to  be  ectodermic,  and  not  meso- 
dennic  in  origin,  except  as  regards  the  evanescent  embryonic  blood-vessels. 


TiiK  Optic  Nbrvics. 
Semidiagrairiniatic. 
A,  most  TeleoHtei ;  B, 
Herrine  ;  U,  Lacerta 
agilis  ;  1),  Agama  ;  K, 
Mammal. 
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layer,  the  sclcrolit,  which  is  also  surrounded  by  a  lymph-space. 
The  latter  passes  internally  into  the  uheath  of  the  optic  nerve, 
which  is  continuous  with  the  dura  mater,  and  externally  into  the 
eottua,  the  outer  surface  of  which  is  covered  over  by  an  epithelial 
layer  continuous  with  the  epi- 
derm  —  the  conjunctiva.  The 
sclerotic  and  cornea  together 
form  a  firm  outer  support  for 
the  eye,  ond  thus,  together  with 
the  gelatinous  mass  of  the  vit- 
reous humour,  guarantee  the 
rigidity  necessary  for  the  physio- 
logiojil  activity  of  the  nerve 
e]id-a])paratus.  Between  tho 
cornta  and  iris  there  is  a  large 
lymph-space,  the  aguemia  ehttm- 
ber,  its  contained  Huid  being 
called  the  nqtietms  huiamir :  ex- 
tending around  the  chamber  is 
a  venous  plexus,  which  is  bathed 
by  the  aqueous  humour. 

The  relative  dcvelopuient  of 
the  eye  is  affected  by  the  ex- 
ternal   conditions,'    and    is    in 


iliary  process ;  Ch,  clioroiil.  ' 
its  lamina  fuaca  (//)  mid  vasi 
layer  (OS) ;  Cj,  conjunctiva  ; 
cornea  i  CP,  canal  of  Petit ; 
venous  plexus  (canal  of  Schlemm) ;  general  proportional  to  the 
c-  vi_treoua  eha-nW ;  Fo,  yellow  n^pidity  of  the  movements  i»er- 
spot  (fovea  centralis)!    H,   hyaloid      ^^      j-',      ^j^  ,         ^J^^^ 

mciiibrane ;  IIK,  HO.calleil  posleiior  "  ""  "'  "  "— "•-  -^-^^^ 
chamber:  Jr,  iris;  A,  lens:  Lr, 
oitiary  ligament  ;  MI),  posterior 
elastic  lamina  (ineitibranc  of  I)es- 
cemet) ;  MF,  blind-spot ;  Op,  optic 
nerve  ;  OS,  sheath  of  optic  nerve  ; 
Rt,  retina ;  PB,  pigment  cpitlielinrn 
'     '"■       "r,  sclerotic ;  rA,a(iueous 


formed  by  the  animal  concerned 
and  to  the  relative  development 
of  the  mid-brain. 

In  all  Vertebrates  the  eye- 
ball is  surrounded  by  a  mem- 
branous, sac-like  uivestmcnt 
chaA'w;'^.'z^nuTa'eiiiir7s'{Mnrot  (the  ^eWwii/rt),  which  arises  in 
Zinn).  the  region  of  the  optic  foramen 

and  radiates  outwards  towards 
the  skin,  its  distinctness  being  loss  marked  the  more  completely 
the  orbit  is  surrounded  by  skeletal  ports.  As  in  most  Vertebrates 
the  cavity  of  the  orbit  is  more  or  less  continuous  with  the  temporal 
and  oral  cavities,  the  orbital  sac  has  a  close  relation  to  the  muscles 
of  the  jaws,  cerbiin  portions  of  which  may  invade  it  and  take  on 

'  The  adaptive  miHlilications  of  the  eye  ai 
It  may  reacli  u  very  high  degree  of  perfection ;  or  may,  < 
undergo  more  or  less  degeneration  in  those  animals  which  livi 

the   deep  sea  (e.;/.   /Vh'im— Amblyopsis  spelaiiis,    Troglichthyi,   Typlilo- 
Aiii'aiw— Proteus,  Spelerpes    inocuficauda.  TypElotriton,    Tm""'' 


gobi 


Amphii 


in,    Tnihkt- 


„iolge,  Gymnophionn ;  ffcu(ifM--Typhlops  vemiicularis,  Khineuta  flondua; 
MamrtuiU — Notoryctus  typfiloiia,  'J'alpa).  In  the  Cetacean  Platanista  ^n^tiok 
the  eyoa  are  extremely  iiiiiiutc.  The  reduction  of  the  eyes  in  many  deep-ses 
Fishes  may  be  com f>en sated  for  hy  the  special  duvelopneiit  of  tactile  organs.  (Cf. 
atao  under  Cycloatumes,  p.  2TB). 
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functional  relations  to  the  optic  appamtus  (Amphibia,  Sauropsida). 
Only  in  the  higher  Mammals  {eg.  Primates)  is  the  orbit  almost 
completely  surrounded  by  bone  and  thus  separated  from  the 
niiisticatory  muscles,  and  in  this  case  the  periorbita  is  more  or  less 
closely  applied  to  or  fused  with  the  orbital  periosteum. 

The  deep  orbit,  formed  by  the  skull,  serves  as  a  further  pro- 
tection for  the  eye,  in  connection  with  which  there  are  also  certain 
accessory  structures,  viz. : — 

1.  Eyelids  (palpchrm), 

2.  Olmidular  organs, 

8.  Micsclcs  for  moving  the  eye-ball. 

Thus  the  eye-ball  is  formed  of  a  series  of  concentric  layers, 
which  are  ciilled  from  within  outwanls — retiiut  (sensitive  and 
nervous  layer),  choroid  and  iruf  (vjiscular  layer),  and  sclerotic  and 
mrnea  (skeletal  layer).  The  first  corresponds  with  the  nervous 
subst^mce  of  the  bmin,  the  second  with  the  pia  mater,  and  the 
thinl  with  the  dum  mater.  The  interior  of  the  eye  coiitjiins 
refnictive  media,  viz.,  the  lens  and  vitrco-ns  hnm<mr.  In  addition 
there  are  the  above-mentioned  accessory  structures-,  these,  as  well 
as  the  retina,  will  be  dealt  with  after  a  description  of  the  eyes 
of  the  various  C^Jaases  of  V^'rtebrales  has  be(ui  given. 

Before  concluding  this  introductory  section,  it  must  be  again 
pointed  out  that  the  mode  of  development  of  the  vertebrate  eye 
ditfei*s  markedly  from  that  of  other  sensory  organs  in  not  being 
derived  directly  from  the  outer  ectoderm,  an(l  in  that  the  optic  nerve 
is  not  {in  ordinary  perii)heral  nerve,  but  a  conducting  tnict  passing 
between  different  parts  of  the  central  organ  itself — that  is,  between 
the  retina  and  brain.  On  the  other  hand,  it  must  be  borne  in 
mind  that  the  sensitive  element-s  are  developed  in  that  part  of  the 
retinal  layer  which  is  originally  continuous  with  the  outer  bonier 
of  the  c»ct<Klerm — that  is,  from  the  same  layer  as  that  which  gives 
rise  to  the  other  sensory  organs  and  the  central  nervous  system. 

Amphioxas. — Paired  eyes,compiinible  to  those  of  the  Cmniata, 
are  wanting  in  the  Acrania. 

In  addition  to  an  unpaired  pigment-spot  in  the  front  wall  of  the 
cerebral  vesicle,  which  is  8upj)08ed  to  serve  fis  a  light-perceiving 
organ,  a  series  of  simple  cup-like  structures,  somewhat  resembling 
the  eyes  of  Flat  Worms,  are  situated  on  either  side  of  the  spinal 
cord  (Fig.  204).  These  structures  are  arranged  in  groups,  corre- 
sponding to  the  myomeres,  and  gradually  becoming  less  numerous  in 
jKussing  backwards  to  the  tiiil.  Each  of  these  bodies  is  described 
as  consisting  of  a  single  optic  cell  with  a  nerve  fibre,  and  is  partly 
surrounded  by  a  pigment  cell.  More  dorsally,  above  the  oral 
region,  somewhat  similar,  but  pigmentless,  bcnlies  have  been 
observed. 
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Cycloitomei. — The  eye  of  Cyclostomes  is  at  a  very  Iww  sta^ 
of  development,  and  has  evidently  undergone  partial  degeneration : 
this  is  indicated,  not  only  by  the  structure  of  the  retina,  but  also, 
in  Myxtnoids,  in  which  the  choroid  fissure  persists,  by  the  absence 
of  the  lens,  iris,  and  of  a  HifTerentintcd  sclerotic  and  cornea  as  well 
as  of  eye-muscles.     Moreover,  the  eye  in  Myxinoids  and  ia  the 


1  A.     (After  H.  Joecph.) 


St,  striated  Iwnlcr  of  optic 

larval  Petronij-zon  lies  bcnwith  the  skin  and  subdermal  < 
tive  tissue,  but  in  the  latter  the  skin  covering  the  eyes  becomes 
thinned  out,  and  thus  the  animal,  which  was  blind,  or  nearly  blind, 
in  the  larval  state,  can  see  after  undergoing  metamorphosis :  at  the 
same  time  the  eye  becomes  more  highly  organised,  though  the 
primary  lumen  in  the  lens  (cf.  p.  274)  does  not  entirely  disappear. 
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Flihei. — ^Thc  eyea  of  all  the  true  Fishes  are,  with  few  excep- 
tiunx,  of  considerable  size,  nn«J  are  formed  on  essentially  the  same 
plan  as  that  doscribetl  in  the  introductory  portion  of  this  chapter. 

The  oyc-ball  is  almost  always  eitrroiindcd  by  a  gelatinous  siib- 
stance,  penetrated  by  connective  tissue  fibres,  and  in  many 
Elasmobrancha  it  is  articulated  on  its  inner  circumference  with  a 
rod  of  cnrtilaffc  connected  distatly  with  the  lateral  wall  of  the 
skull.  The  sclerotic  is  usually  extensively  chondrified,  and  not 
infrequently  becomes  calcified  or  ossified  towards  itsjunction  with 
the  cornea. 

The  lens  of  Fishes  is?lobnlar,  ornearly  so,and  possesses  there- 
fore a  high  refractive  Index.  It  touches  the  cornea  and  fills  up  the 
greater  part  of  the  eye- 
ball, iju  that  only  a  small 
space  is  left  for  the  vitreoiis 
humour.  It  diflfers  from 
that  of  other  Vertebrates 
in  the  fact  that,  in  the 
condition  of  rest,  it  is  ac- 
commodated tor  seeing 
near  objectii.  Fishes  pos- 
sess no  ciliary  muscle,  and 
in  many  of  them  (most 
Tel  eos  torn  i)  acct>niinoda- 
tion  takes  place  by  means 
of  a  process  of  the  choroid, 
the  processus  faUi/ormta. 
This  extends  through  the 
embryonic  choroid  fissure 
into  the  vitroouB  humour 
towards  the  lens,  aniund 
which  it  expands  to  form 
the  so-called  cfinijianuta 
Hii/ln-i.  which  is  often 
pigmented  (Fig.  20.5).  In 
the  interii)r  of  this  struc- 
ture are  nerves,  vessels, 
and  smooth  nmscle- fibres, 
and  the  latter  exert  an  in- 
fluence on  the  lens,  drawing  it  towards  the  nitina.  The  processus 
fhlciformis  is  small  in  Ganoids  and  certain  Tcloosts,  is  apparently 
absent  in  Cyclostomos  and  Dipnoans,  and  is  i)robably  represented 
in  Elasmobranchs,  at  any  rate  in  the  embryo:  how  accommodation 
is  efFecte<l  in  these  Fishes  is  not  known. 

The  iris  of  Fishes  takes  ho  part  in  accommodation,  and  only 
appreciably  reacts  to  light  or  electric  stimuli  in  a  few  species  living 
in  shallow  water  in  which  the  eyes  are  directed  upwards. 

Externally  to  the  choroid  proper,  and  internally  to  the  supra- 


Buprachoroiden ;  Lf, 
:  Op,  optir  nerve;  OS, 
Hhcatb  of  oplie  nerve:  PH.  pigment  eni- 
thelium  ;  I'r,  pnwiMiBUB  falt'lforniiH ;  Hi, 
rvtiaa, ;  jSc,  wterolic,  with  (.■artilatcipnim 
aiwi  oBseoiis  (1)  portions;  Tp,  tapelum ; 
I'K,  Wjueona  ch&mber. 
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choroideal  lymph-space,  is  a  silvery  or  greoniah-gotd  iridescent 
membrane,  the  ari/nUen.  It  extends  cither  over  the  whole  interior 
of  the  eye  (Teleosts),  or  is  limited  to  the  iria  (Elasinobrancha).  A 
second  layer  with  a  metallic  liistrc.the  tnpttitM  Ivciduvi,  is  present 
in  Elasmobmnchs  internally  to  the  iridescent  portion,  and  within 
this  again  is  the  layer  of  the  choroid  known  as  the  choriocapillon's. 
No  tapetnm  ap|H>ara  to  be  present  in  Teleostei  or  Pctromyzon. 


Fig    JOh      I/1^UITl  uinal  \>ktiial  Skcti  n  w  tiik  Kvu  of  Dissumma. 
(Aft4.r  A   Brnner  ) 
Ch,   chorui  1     fa    tibren  iif  llic  ar(,(.iitea     Lk    teiia-cUHhion ;  f,p,  ligamentum 
pectinntiim     JU  smooth  miiHilt    o    iiptio  nerve;  rr,  uaixaaaTy  r«tilia  ;  rr', 
portion  of  acL-easory  retina  ,  ftc,  aulcrolic. 

The  so-called  "  rJMroid  i/laiuf,"  present  in  many  Teleostei  and 
in  Amia,  consists  ot  a  network  of  blood-vessels  (rete  niirabile) 
which  has  the  form  of  a  cushion,  lying  nt'ar  the  entrance  of  the 
optic  nerve,  between  the  argentoii  and  pigment  epithelium  of  the 
retina ;  it  thnH  has  nothing  to  do  with  a  "  gland,"  and  is  in  relation 
to  the  ])soiidobninch  (cf,  under  Uespiratory  and  Vawnlar  organs). 

The  eyes  of  certain  deep-tR'a  Tcleosts  arc  of  particular  interest, 
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a-s  they  arc  adapted  in  a  remarkable  manner  both  as  reganLs  position 
and  structure  to  the  special  conditions  under  which  these  Fishes 
live  in  comparative  darkness.  In  most  Fishes,  the  laterally  situated 
eyes  are  capable  of  monocular  vision  only,  while  most  deep-sea  forms 
possess  binocular  "  telescopic  "  eyes,  the  axis  of  the  two  organs  being 
nearly  parallel.  The  eye-ball,  moreover,  is  much  elongated  (Fig  206), 
so  that  there  is  a  considerable  distance  between  its  inner  wall  and 
the  lens ;  the  latter  is  especially  large,  and  the  cornea  is  very 
convex  and  forms  a  considerable  part  of  the  wall  of  the  eye-ball ; 
the  iris  is  almost  entirely  wanting;  and  finally, the  retina  is  differ- 
entiated into  a  main  portion  and  a  small  accessory  portion — usually 
situated  only  on  that  part  of  the  wall  which  is  nearest  to  the 
median  line  of  the  head.  The  eye-muscles  arc  more  or  less  reduced 
and  shifted  in  position,  while  the  apparatus  for  accommodation,  the 
suspensory  ligament  and  n»tractor  of  th(?  lens,  are  well  developed. 
These  modifications  result  in  allowing  as  many  rays  of  light  as 
])ossible  to  enter  th(»  eye  and  spread  out  over  the  retina.^ 

In  the  Flat-fishes  (Pleunmectida'),  which  have  acquired  the 
habit  of  swimming  and  lying  on  the  bottom  on  one  side,  the  eye  of 
the  l(>wer  side  gradually  rotates  so  as  to  reach  thi;  upper  surface. 

In  Dipnoans  the  eye  is  relatively  small  as  compared  with  that 
of  other  Fishes.  In  Protopterus  the  scrlerotic  is  partly  cartilaginous, 
and  th(^  l(»ns  is  globular  and  relatively  large.  As  already  mentioned, 
there  is  apj)ar(Mitly  no  processus  falciformis,and  a  tapetum,argentea, 
and  "  choroid  gland  "  are  wanting.  On  the  whole,  the  eye  is  inter- 
mediate in  structure  between  that  of  Ganoids  and  that  of  Urodeles. 

Amphibians. — The  eyes  of  Amphibians  are  in  general 
relatively  small,  and  do  not  exhibit  any  essential  advance  in 
structure  as  compan^d  with  those  of  Fishes :  in  certain  respects 
they  show  negative  characters  as  compared  with  the  latter,  for  an 
argentea,  a  tapetum,  a  "choroid  gland,"  and  a  processus  falciformis 
and  camj)anula  Halleri  are  wanting. 

The  eye-ball  is  nearly  globular  and  the  cornea  moderately 
convex  ;  the  pupil  is  round,  or  occiisionally  three-cornered  (Bom- 
binator).  The  large  lens  is  more  convex  on  its  inner  than  on  its 
outer  surface,  especially  in  Anurans,  and  the  larva^  usually  have  a 
smaller  lens-index  than  adults.  Accommodation  does  not  take  place 
by  an  alteration  in  form  of  the  lens,  but  in  some  cases,  appirently, 
thi?  lens  can  be  shifted  towanls  the  cornea  by  the  iiction  of  the 
ciliary  muscle  -  Ciliary  processes  can  be  recognised  in  Urodeles, 
but  are  uuich  more  distinct  in  Anurans,  and  the  iris  has  well- 
deveIoj)ed  smooth  muscles.      The  sclerotic,  as  in  Fishes,  encloses 

'  III  I'eriophtlialmus  and  ]k>lcophthalmiis  the  structure  uf  the  eye  i.s  pecu- 
liarly iiuMliHed  for  vision  in  the  air  as  well  ivs  in  the  water. 

-  A  protractor  of  the  lenn,  consisting  of  smooth  fibres,  occurs  amongst 
Urodeles  and  in  the  Frog,  tlie  fihres,  however,  tnking  a  diflferent  course  in  tlio 
two  cases.  It  is  not  known  whether  this  muscle  is  the  homologueof  the  retractor 
i4  H»e  ieus  in  Fishes, 
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hyaline   cartilage  and   is  often  pigmented :  ossiticationa   are   not 
known  to  occur. 

Keptllei  and  Birds. — In  the  Saurupoida,  more  especially  in 
Birds,  the  eye-ball  is  much  larger  relatively  to  the  head  than  in 
the  Amphibia.  The  sclerotic  here,  too,  is  in  ^reat  part  cartilagin- 
ous, and  in  Lizards  and  Chelonians  is  provided  with  a  ring  of 
delicate  bony  seUrolic  jdatea  around  the  external  portion.  Many 
Toesil  Reptiles  and  Amphibians  possessed  similar  plates,  as  do  also 
existing  Birdd  (Figs.  207,  208);  m  Birds  horseshoe-shaped  or  ring- 
shaped  bony  structures  are  also  usually  present 
close  to  the  entrance  of  the  optic  nerve. 

The  eyeball  of  Reptiles  has  a  more  or  less 
globular  form,  while  that  of  Birds,  more  especially 
nocturnal  Birds  of  prey  (Owts),  is  more  elongated 
and  tubular,  an  external   lai^er  segment  being 
sharply  marked  off  from  an  internal  smaller  one, 
the  outer  portion  being  bounded  externally  by 
Fni.   207.  —  EvK    the   very   convex  cornea  and  enclosing  a  large 
ov  LarirtitruH.    aqueous   chamber;   moreover,   the   whole   eye  is 
i»B*'R««r'«"    relatively  larger  (Fig.  208).     In  all  the  Saurop- 
BoNv   SuLBRii-    eida,  except  Snakes,  there  is  a  complicated  ciliary 
TK!  Platbh.         ma%le  composed  of  striped  fibres,  one  portion  of 
which,  extending  towards  the  cornea,  is  known 
in  Crampton's  muscle  ;  ciliary  processes  are  well  developed,  especi- 
ally in  Birds.    This  muscle  is  also  transversely  striated  in  Reptiles, 
and,  especially  in  Chelonians,  is  always  well  deve!o{>ed,  though  not 
to  such  an  extreme  degree  as  in  Birds. 

In  Reptiles  {e.g.  Lizards)  a  tapetum  may  be  developed,  but 
an  argentea  and  "choroid  gland'  arc  never  present;  all  these 
ports  are  wanting  in  Birds.  A  cone-like  or  cushion-like  structure, 
the  so-called  "  pcden,"  which  is  to  some  extent  homologous  with 
the  processus  ^Iciformis  of  Fishes,  is,  however,  present  in  Lizards, 
but  IS  more  or  less  reduced  in  other  Reptiles.  It  varies  much  in 
its  development  in  different  forms,  is  very  vascular  and  some- 
times pigmented,  and  extends  into  the  vitreous  chamber  through 
the  proximal  end  of  the  choroid  lissure.  In  Birds,'  a  somewhat 
similar  organ  is  very  largely  develi>ped,  and  in  some  cases  may 
even  extend  as  far  as  the  ca])sute  of  the  lens  :  it  is  four-cornered, 
more  or  less  folded,  and  pigmented,  and  consists  mainly  of  a 
closely- felted  network  of  c;tpi1laries.  From  its  form,  it  is  better 
described  in  Reptiles  as  a  "  cojw  "  or  "  eiiehion  "  and  in  Birds  as  a 
"fan  "  (Fig,  208).  In  both  Reptiles  and  Birrls  this  organ  appears, 
amongst  other  possible  functions,  to  be  important  in  connection 
with  the  nutrition  of  the  contents  of  the  eyeball  and  of  the  retina : 
it  has  nothing  to  do  with  accommodation. 

The  iris,  regulated  by  striated  muscle,  is  able  to  respond  very 
'  In  AjiUirys  the  pci;t«n  ilifinpiiuiirB  lUiring  developnienU 
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quickly   to   visual    impressions:    it    is   often    brightly   coloured, 

owing    to    the    presence,    not    only    of    pigment,    but    also    of 

coloured  fat  globides.     The  pupil  is  as  a  rule  round,  but  in  many 

Reptiles  and  in  Owls  has  the  form  of  a  vertical  slit.     The  form, 

structure,  and   relative   size   of   the    lens    varies    considerably: 

amongst  Reptiles,  its  refractive  index  is  lowest  in  Snakes,  and 

highest     in     Lizards     (except 

Geckos).     In  many  Birds  it  has 

a    very    peculiar    form.      The 

mechanism    of   accommodation 

in  some  Snakes  resembles  that 

seen   in   Amphibians   (p.  281), 

while  in  the  other  Sauropsida 

the    ciliary   muscle,   acting   on 

the  capsule  of  the  lens,  is  able 

to   alter   the  curvature  of  the   Ck 

latter,  ns   is   also   the   case  in 

Mammals. 


Sir 


Mammals. — In  Mammals 
the  eyeball,  especially  in  Prim- 
ates, is  more  completely  enclos«Kl 
within  the  bony  orbit  than  is 
the  case  in  most  other  Verte- 
brates, and  this  may  ptirtially 
account  for  the  fact  that,  except 
in  Monotremes,  the  sclerotic  no 
longer  shows  traces  of  cartilage 
or  bone,  but  is  entirely  of  a 
fibrous  character :  in  Whales  it 
is  extremely  tough.  Excepting 
in  aquatic  Mammals,  in  which 
it  is  somewhat  flattened,  the 
cornea  is  nuKlenitely  convex,  and 
the  whole  eyeball  is  of  a  more 
or  less  round(»d  form. 

A  tapetum  Incidum,  consisting  either  of  cells  or  fibres,  exists  in 
the  choroid  of  numerous  Mammals,  and  gives  rise  by  interference 
ti)  a  glistt^ning  appearance  when  seen  in  the  dark  (Camivora, 
Ruminants,  Perissodactyla,  &c.).  In  some  Mammals  there  is  a 
differc»ntiation  of  the  capillary  vessels  (membrana  choriocapillaris) 
from  the  larger  arterial  trunks  of  the  choroid:  the  veins  are 
situated  externally  to  the  arteries.  Certain  structures  homologous 
with  the  processus  falciformis  or  pecten  are  present  in  Mammals  in 
the  embrj'o  only. 

The  ciliary  musculo  consists  of  sm<M)th  elementM.  The  external 
surface  of  the  lens  is  less  c<mvex  than  the  internal,  which  latter  lies 
in  the  so-called  fossa  patellaris  of  the  vitreous  humour.    The  pupil 


Fi<;.  208.— Kyk  ok  an  Owi* 

C'A,  choroid  ;  C3/,  ciliary  niUHclc  ;  Co, 
cornea ;  Cr,  vitreous  chamber  ;  /r, 
iria ;  A,  lens ;  Op^  OS,  optic  nerve 
and  sheath;  P,  **fan"  (peoton) ;  i?/, 
retina ;  Sr,  sclerotic,  with  its  bony 
rinff  at  t ;  F/T,  acjueous  chamber ; 
KJv,  point  of  junction  lietweeti 
sclerotic  and  cornea.  The  dotte<l 
line  around  the  broadest  portion  of 
the  circumference,  divides  the  eye 
into  an  inner  and  an  outer  segment. 
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is  not  always  round,  but  may  be  transversely  oval  {e.g.  Ungulates, 
Kangai-oos,  Cetaceans),  or  slit-like  and  vertical  {e.g.  Cat). 


Retina. 

The  fibres  of  the  optic  nerve,  which  pass  into  the  eyeball  at  a 
right  or  acute  angle,  cross  one  another  at  the  point  of  entrance, 
and  are  then  distributed  to  the  sensitive  elements  of  the  retina. 
The  latter  is  thus  thickest  at  the  point  of  entrance  of  the  nerve, 
which  is  known  as  the  **  blind  spot "  (Fig.  203),  and  gradually 
decreases  in  thickness  towards  the  ciliary  processes  until,  at  the 
point  of  origin  of  the  iris,  it  consists  of  a  single  layer  of  cells. 

The  retina  is  bounded  on  its  outer  periphery  by  a  structureless 
hyaline  membrane  (limitans  externa)}  while  on  its  inner  side  it  is 
covered  by  the  hyaloid  mcmhraTie,  which,  strictly  speaking,  belongs 
to  the  vitreous  humour.  The  retina  is  quite  transparent  in  the 
fresh  condition,  and  consists  of  two  portions  which  are  histo- 
logically and  physiologiciilly  quite  distinct :  they  tare,  a  mpporting 
part  and  a  nervmcs  ^^a?*^  The  former  is  stretched  as  on  a  frame 
between  the  limitiins  externa  and  hyaloid  membrane. 

The  nervous  elements  arc  arranged  in  the  following  concentric 
lay  el's : — 

I.  Developed  from  the  internal  layer  of  the  secondary  optic  vesicle, 

A.  Cerebral  layer. 

1.  Layer  of  nerve-fibres  (of  optic  nerve). 

2.  Layer  of  ganglion-cells. 

3.  Inner  reticular  layer. 

4.  Granular  layer  (inner). 

5.  Outer  reticular  or  subepithelial  layer. 

B.  Epithelial  layer. 

6.  Layer  of  visual  cells  (outer  granular  layer  with  the  rods 

and  cones). 

II.  Developed  from  the  external  layer  of  the  secondary  optic  vesicle. 

7.  Pigment  epithelium  (retinal  epithelium). 

These  layers  are  so  arranged  that  the  nerve-fibres  lie  next  to 
the  vitreous  humour,  that  is,  internally,  while  the  rods  and  cones 
are  situated  towards  the  choroid,  i.e.  are  external.  Thus  the  terminal 
membeis  of  the  neuro-epithelium  are  turned  away  from  the  rays 
of  light  falling  upon  the  retina,  and  the  mys  must  therefore  pass 
through  all  the  other  layers  before  they  reach  the  rods  and  cones.* 

^  The  limitans  externa  encloses  the  entire  retina  externally  in  the  embryo,  but 
later  the  rods  and  cones  come  to  project  through  it  (cf.  Fig.  209). 

^  Fislies  possess  the  longest.  Amphibians  the  thickest  rods,  so  that  in  the 
latter  there  are  only  about. 30,0(H)  to  a  s(|uare  millimetre,  while  in  Man  there  are 
from  250,000  to  1,(H)0,(KX>.  In  Fishes,  Birds,  and  Mammals  the  rods  (which  are 
the  phyletically  older  structures)  far  exceed  the  cones  in  iiurolxir,  while  in 
Reptiles  the  reverse  is  the  cjise :  in  Petromy7x>n  an<l  Klasmobranchs,  for  example, 
there  are  no  cones  at  all.     In  some  Reptiles  there  are  no  rods,  and  in  nocturnal 
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In  the  retina  of  all  Vertebrates  thoro  is  a  specially  modified 
region  of  most  acute  vision.  This  is  called  the  ycUwi'-spot  {fovea 
centralis  or  macula  UUea),  and  is  due  to  the  thinning-out  of  all  the 
layers  except  that  of  the  neuro-epithelium,  and  even  the  rods 
disappear,  only  the  cones  persisting  (Fig.  203),  A  yellow  spot 
is  wanting  in  most  Fishes,  in  Urodulcs,  and  in  certain  Mammals 
{e.ij.  Insectivores,  Rodents),  and  is  only  slightly  marked  in  the 


1.  SUihr.) 


Anura  and  most  Sauropsida,  but  in  Birdfl  there  may  be  two 
"  yellow  spfits."  Only  in  Mammals  does  the  retina  possess  special 
bl(K)d-v(awolK,  and  even  in  certain  of  these  they  may  be  reduced 
or  wanting.  In  other  Vertebrates  (except  the  Eel)  the  retina  is 
non-vascular,  and  is  nourished  by  the  vessels  of  the  vitreous  body, 
processus  falciformis,  or  "  iKJcteii." 


KTiiiii&U  Ihe  roilH  ore  n 

of  Binla,   anil  of  Marsupialn, 

culoared  uil-Klobalci. 


)  ilintinguiahcd   hf   the   presenco  uf    brightly 


,iiy  Reptiles, 
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Accessory  Organs  in  Connection  with  the  Eye. 

(a)  Eye-Muscles. 

The  movement  of  the  eye-ball  is  in  general  (except  in  Myxinoids, 
cf.  p.  278)  effected  by  six  muscles,  four  of  which  are  known  as  the 
recti  (superior,  inferior,  external  or  posterior,  and  internal  or  anterior), 
and  two  as  the  ohliqui  (superior  and  inferior).  The  former,  which 
arise  from  the  inner  portion  of  the  orbit,  usually  from  the  dural 
sheath  of  the  optic  nerve,  together  circumscribe  a  pyramidal  cavity, 
the  apex  of  which  lies  ao^ainst  the  inner  portion  of  the  orbit,  while 
the  base  surrounds  the  equator  of  the  eye-ball,  where  the  muscles 
are  inserted  into  the  sclerotic. 

Both  the  oblique  muscles  usually  arise  from  the  anterior  or  nasal 
side  of  the  orbit,  and  as  they  respectively  pass  from  this  region 
dorsally  and  ventrally  in  an  equatorial  direction  round  the  eye-ball, 
they  constitute  a  sort  of  incomplete  muscular  ring.^ 

Besides  these  six  muscles,  others  are  usually  present  from  the 
Amphibia  onwards.  Of  these,  the  retractor  Imibi,  which  often  consists 
of  several  portions,  is  derived  genetically  from  the  posterior  rectus, 
and  is  supplied  by  the  abducent  nerve.  In  Amphibians,  Reptiles, 
and  Birds,  a  portion  of  the  striated  masticatory  musculature, 
supplied  by  the  trigeminal,  extends  into  the  fibrous  walls  of  the  per- 
iorbita (p.  276),  and  in  Rana,  for  example, gives  rise  to  an  elevator  of 
the  eye-Dall,  a  depressor  of  the  lower  eyelid,  and  a  kind  of  extensor 
of  the  lower  wall  of  the  orbital  sac,  the  connection  of  which  with 
the  masticatory  muscles  is  plainly  seen.  In  Anurans  there  is  also  a 
more  ventral,  transverse  layer,  corresponding  to  the  depressor  of  the 
lower  lid  in  Lizards  and  Birds,  in  which  latter  there  is  also  a  layer 
in  the  orbital  membrane  corresponding  to  the  depressor  of  the  lower 
orbital  wall  in  Amphibians. 

As  the  transversely  striped  periorbital  muscles  gradually  be- 
come of  less  importance  m  the  Vertebrate  series,  the  smooth 
muscles  are  further  developed.  The  latter  are  already  indicated  in 
Teleosts ;  but  in  Reptiles  (especially  Lizards  and  Chelonians)  are 
much  more  marked,  and  are  continued  into  the  eyelids.  In 
Mammals,  the  development  of  the  smooth  orbital  musculature  varies 
considerably,  and  is  less  marked  the  more  the  orbit  is  enclosed  by 
bone  (e.g.  in  Primates,  in  which  it  lies  in  the  infra-orbital  fissure). 
It,  like  the  upper  and  lower  palpebral  muscles,  which  are 
specially  important  in  Mammals,  are  supplied  by  the  sympathetic. 

^  A  deviation  from  this  arrangement  is  seen  in  Mammals,  in  which  the 
superior  oblique  has  gradually  come  to  arise  from  the  inner  part  of  the  orbit,  and 
then  passes  forwards  towards  it^s  anterior  (internal)  angle,  where  it  becomes 
tendinous,  and  passes  through  a  fibix>-cartilapinou8  pulley  (trochlea)  attached  to 
the  upper  border  of  the  orbit,  on  the  frontal  bone.  Hence  it  is  sometimes  called 
the  trochlear  nuiscle.  From  this  point  it  changes  its  direction,  and  becomes 
reflected  obliquely  outwards  and  backwards  to  the  globe  of  the  eye. 
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(b)  Eyelids  (Palpebfle). 

In  Fishes  and  other  lower  aquatic  forms  the  upper  and  lower 
eyelids  are  usually  very  rudimentary,  having  at  most  the  form  of 
stiff  folds  of  the  skin,  and  in  all  other  Vertebrates  below  the 
Mammalia  they  never  reach  a  very  high  stage  of  development: 
even  in  those  Mammals  in  which  the  facial  muscles  are  not  much 
differentiated  they  are  not  greatly  specialised.  They  are  lined 
on  the  inner  surface  by  a  continuation  of  the  epiderm,  the  twi- 
junctiva,  which  is  continued  over  the  cornea  (Fig.  203),^  and  in 
the  Ichthyopsida  are  usually  not  sharply  marked  off  from  the 
rest  of  the  skin,  and  are  cnpable  at  most  of  very  slight  movement : 
the  eyelids  in  these  forms  therefore  only  protect  the  eye  to  a 
slight  extent,  and  allow  it  comiwimtively  little  free  movement. - 

In  the  Sauropsida  they  are  in  certain  respects  much  more  highly 
differentiatecl.  Occiisionally  (Chameleon)  they  are  circular  and  are 
movable  by  muscles,  while  in  (jleckos,  Amphisba*nian8,  and  Snakes 
the  two  eyelids  grow  together  to  form  a  transparent  membrane 
overlying  the  eye,  and  this  comes  away  with  the  rest  of  the  outer 
part  of  the  skin  when  it  is  shed. 

A  levator  of  the  upper  lid,  which  latter  is  usually  the  better 
differentiated  of  the  two  and  which  in  many  Reptiles  and  Birds 
may  be  supported  by  a  membrane-b(me  or  fibro-cartilage,  occura  in 
Chelonians,  Croc^odiles,  Birds,  and  Mammals.  Lizards,  Chelonians, 
Binls,  and  many  Mammals  {e.g.  Ungulates)  possess  a  depressor  of 
the  lower  lid. 

In  Mammals,  the  eyelids,  more  particularly  the  upper  one,  are 
extremely  movable,  and  may  be  provided  with  hairs  (eyelashes) 
on  their  free  margin.  In  their  interior  a  hanl  body,  the  so-called 
"  lid-cartilage,"  enclosing  the  Meibomian  glands,  is  developed 
(Fig.  210,  B),  and  they  are  closed  by  a  circular  nmscle  {orbicularis 
or  »phinvicr  oadi)  which  surrounds  the  whole  slit  between  the  lids, 
and  is  a  derivative  of  the  mimetic  musculature. 

The  want  or  comparatively  slight  development  of  upper  and 
lower  eyelids  in  V^ertebrates  below  the  Mammalia  is  compensated 
for  in  certain  forms,  at  any  rate  to  a  certain  extent,  by  the 
presence  of  a  nictitating  membrane?  This  *' third  eyelid**  aitferH 
from  the  others  in  having  nothing  to  do  with  the  outer  skin  proper, 
consisting  simply  of  a  reduplicature  of  the  c<mjunctiva,  and  being 

*  In  FiflheR  ami  Amphibian  lan'tu  the  conjunctiva  retains  essentially  the 
same  structure  as  the  epiderm  from  which  it  is  derived,  while  in  higher  forms  it 
undergoes  moditications,  and  the  stratum  (*omeum  becomes  less  homy. 

*•*  Accessory  li<l-foldH  occur,  e.j/.,  in  the  Herring  and  Salmonid». 

-'  The  structure  known  as  a  **  nictitating  membrane  *'  in  many  Elasmobranchs 
is  not  exactly  comparable  to  the  nictitating  membrane  of  higher  Vertebrates.  It 
is  secondarily  derived  from  the  lower  fid- fold,  and  is  provided  with  several 
hiuKcIes,  supplied  by  the  trigeminal  (or  facial)  nerve,  and  derived  from  integu- 
mentary muscles  in  the  region  of  the  spiracle. 
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TfigiilsiUA  by  sjK'cLal  inuHr;les  siipplicKl  by  the  abducent  nerve,  and 
known  in  K^.'ptiles  and  Binl.s  as  the  quadraius  (bursalis)  and 
pyramvla/is,  which  are  genetically  related  to  the  retractor  bulbi. 

The  nictitating  membrane,  which  may  enclose  a  cartilage,  is 
situated  within  the  lower  eyelid,  or  it  may  lie  more  towards  the 
anterior  angle  of  the  eye.  The  former  condition  is  seen,  e.g,,  in 
Anuransand  the  latter  in  Birds,  in  which  a  third  eyelid  is  so  largely 
developed  as  to  be  capable  of  covering  the  whole  freely  exposed 
portion  of  the  eye-ball.  In  Mammals  alsr>  it  is  situated  in  the 
anterior  angle  of  the  eye,  and  in  Primates  becomes  reduced  to  a 
small,  half- moon -sha|)ed  fold  (itlica  iemilunaris). 


(c)  Glands. 

The  glands  in  connection  with  the  eye  are:  (1)  the  lacrynial^ 
(2)  the  Hnrderifin,  or  gland  r)f  the  nictitating  membrane,  and  (3) 
the  Mcibiniiifin  glands. 

The  secretions  of  all  these  serve  to  keep  the  free  surface  of  the 
eye-ball  moist,  and  to  wash  away  foreign  bodies.  In  Fishes  the 
outc*r  medium  appears  to  suffice  for  this  purpose,  but  the  first 
attem][)t  of  a  Vertebrate  to  exchange  an  aquatic  for  an  aerial 
existence  necessitated  the  development  of  a  secretory  apparatus  in 
connection  with  the  eye. 

Thus  in  Urocleles  a  glandular  organ  is  developed  from  the  con- 
junctival epithelium  along  the  whole  length  of  the  lower  eyelid;  in 
Anurans  and  Reptiles  this  becomes  more  developed  in  the  region 
of  the  anterior,  and  in  many  Reptiles  also  of  the  posterior,  angle 
of  the  eye,  the  original  connecting  bridge  gradually  disappearing : 
thus  two  glands  are  developed  from  the  primitively  single  one, 
each  of  which  becomes  further  differentiated  both  histologically 
and  physiologically.  From  one  is  formed  the  Hardanan  gland} 
which  is  situated  at  the  anterior  angle  of  the  eye,  surrounding 
to  a  great  or  less  extent  the  an tero- ventral  portion  of  the  eyeball, 
while  the  other  gives  rise  to  the  lacrymal  glaiid  (Fig.  210).  The 
latter  retains  throughout  life  its  primitive  position  at  the  posterior 
angle  of  the  eye,  and  even  in  Birds  lies  in  the  region  of  the 
lower  eyelid,  and  is  supplied  by  the  second  division  of  the  tri- 
geminal. In  Mammals  it  becomes  gradually  further  subdivided, 
and  extends  into  the  region  of  the  upper  eyelid,  so  that  its  ducts 
open  above  the  eye  into  the  upper  conjunctival  sac.  Neverthe- 
less, even  in  the  Primates,  in  which  it  consists  of  two  parts,  more 
or  fewer  ducts  are  present  which  open  into  the  lower  conjuctival 
sac,  and  thus  the  primitive  position  of  the  lacrymal  gland  is 
indicated. 

The  secretion  usually  passes  by  several  ducts  into  the  con- 

*  In  Crcx^rxlilcs,  SnakcH,  and  Hatteria  the  lacrymal  gland  is  wanting,  while 
in  Chelone  it  is  extremely  large. 
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Jiiiictival  Nftc,  wlii'ii!  it  would  accunmlate  wore  it  not  fi>r  the  fact 
that  the  iiiovt'inc-iit  of  the  lids  drives  it  towards  the  anterior  (inner) 
anglo  of  the  eye,  where  the  puncta  lacrymaliu  are  situate<l,  often  on 
small  papillii'.  These  lead  into  short  ducts  communicating  with 
the  so-called  lacrj'iiial  sac  which  opens  into  the  iiiiso-lacrymaT  duct. 
A   well-differentiated    Harderian  gland,  sometimes  consisting  of 


Fia.  210.— B.  DiACR 


{//,  //')   AND   LAtttV 

A  nijvii  /ragilU. 
11,  ejebnll ;  M,  muscle  of  jaw. 

.MMATIO  TBANSVBRSB    VEI 


L  SEmoN  THBoruu  t 


men  oontinuuua  with  the  conjunctiva ;  Op,  optic  nerve  ;  T,  the  au-caltetl 
tar»al  lib ro -cartilages,  in  which  tne  Meiliomiau  gtanda  IMD)  lie  embeddeU, 
the  latter  opening  at  *. 

Fill.  210.— C,  UiAOKAM  or  TBE  Lacryhal  ArrARATUs  OF  Man. 


the  locryinal  gland  ;  tt,  punuta  lacrymalia. 


histologically  and  phj-siologically  different  elements,  is  present 
from  the  tailless  Amphibia  to  the  Mammalia,  but  is  rudimentary 
in  the  Primates. 

The-l/i  i/«iHn«?iff/((ji(^  (Fig.  210,b)  are  confined  to  the  Mammalia, 
and  lie  embedded  in  the  substance  of  the  eyelids  in  the  fonn  of 
branche<l,  tree-like  tubes  or  clustered  masses.  They  open  on  the 
free  edge  of  the  lid,  produce  a  fatty  secretion,  and  originally 
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correspond  to  true  sebaceous  glands  developed  in  connection  with 
hair-rudiments,  the  haii?  disappearing  but  the  glands  remaining. 
They  are  wanting  in  some  Mammals  (e.g.  Monotremes,  Armadillo, 
Uanis,  Dolphin,  Seal,  Elephant,  Camel),  Certain  modified  sweat- 
glands  known  as  the  glands  of  Moil  are  also  present  within  the 
eyelids  of  Mammals,  opening  on  the  margins  of  the  lids  close  to 
the  eyelashes,' 

Auditory  Organ. 

Certain  relations  to  the  integumentary  sense-organs  of  Fishes 
and  Amphibians  can  be  traced  in  the  oigans  of  taate  (p.  254),  and  the 
same  is  true  of  the  auditory  organ,  the  function  of  which  is  con- 
cerned with  equilibration  as  well  as  with 
hearing :  in  all  three  cases  the  sensory 
epithenum  is  derived  directly  from  the 
ectoderm. 

The  first  trace  of  the  auditory  organ 
is  seen  as  a  thickening  of  the  ectoderm 
(auditoi'y  p'dte)  on  either  side  of  the 
primary  hind-brain  between  the  trigeminal 
nerve  and  vagus  group,  which  becomes 
invagiaated  and  separated  off  to  form  a 
vesicle  (Fig.  211),  the  epithelium  of  which 
eventually  undergoes  diScrentiatioQ  into 
elongated  cells  of  sensory  epithelium  pro- 
vided with  hair-like  processes,  and  sup- 
porting   cells    (Fig.  212),   as  in  that   of 

....J)  An-     'l*^  integumentary  sense-organs  referred 

tBRtoBPoRTioNopBoDY    to  abovc.     The  sensory  cells  are  in  rela- 

°L  ^li^?!""!"    '^'',  ^'^    tion  with  nerve-fibres  which   arise  fiom 
after  MulUunbauer. )  ,,  ,.,  ,. 

the  auditory  ganglion. 

A,    eye;    LB,    pnmitive  After  the  vesicle   of  either  side  has 

through  tho^-ftlf  of  "the    ^»come  separated  ofl"  from  the  ectoderm, 

hend ;  H6,  olfactory  pit ;    it  sinks  deeper  and  deeper  into  the  meso- 

dermic  tissue  of  the  skull,  loses  its  original 

pyriform  or  rounded  shape,  and  becomes 

divided  into  a  superior  and  an  inferior 

part,  called  respectively  the  utnadus  and 

saccuhis,  at  first  connected  with  one  another 

:u!ar  canal  (Fig,  213).    From  the  former  the 

lo-calied  semicircular  canals  become  developed,  while  from  the  latter 

the  tube-like  ductus  etidolympkaticus  and  the  lagcna  (cocfilea)  are 

fonned. 

'  In  Cetaceans  the  whole  lacrjmal  apparatus  has  undergone  degeneration  in 
adaptation  to  the  external  conditions,  and  the  nictitating  memliraDe  is  vestigial : 
well -developed  lacrj'mal  and  Harderian  (jlands  are  present  in  the  embrjo.  A 
greater  or  lesa  redaction  of  Ihelacrymal  gland  may  also  occur  in  other  Mftinmals, 
e.ff.  Seal,  Hippopotamus,  Elephant,  Otter,  and  Mole. 


Fio.  211.— Head  ^ 


t,  point  at  whii;h  the  i. 

temal  auditory  passage 
begins  to  be  formed  ;  / 
to  IV,  first  to  fourth 
viBceral  arches. 


by  a  wide  utriculo-sa 
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Tho  whole  of  this  complicated  apparatus  constitutes  the  internal 
ear  or  mcmbrano^is  labyrinth.  It  becomes  surrounded  secondarily 
by  mesodermic  tissue,  which  is  at  first  gelatinous  and  in  close 
contact  with  it.  A  process  of  absorption  then  takes  place  in  tho 
innermost  layers  of  the  mesoderm,  and  thus  a  space  is  develo|)ed 
which  closely  repeats  the  form  of  the  membranous  labyrinth,  as 
does  also  the  mesoderm  which  encloses  this  space  and  which  later 


mB  MEUBRANOUa  Labykintk  o 
(After  U.  Betziiis.) 

A,  from  the  macula  acuBtica  cummunis  of  Myxint  ulHtiaona  ;  B,  from  the  mftcula 
acuntica  neglucta  of  Haiti  clavala ;  C,  from  the  crista  acnitica  of  an  ampulla 
of  Amblt/Hlonui ;   I>,   from  tlie  crista  acu«tica  of  the   anterior  ampulla  uf 
Iliim  mriiltnta. 
h,  threnil-like  pcIIh  ;  hz,  haircelb  with  auilitorj  hatra  (A)  ; 
left  Bi(l«  of  D  the  auditory  liair  has  become  broken  up  ii 


Od  the 


becomes  chondrificd,  and  often  al^o  ossified.  A  jnembranous  and  a 
cartilaginous  or  hony  labyrinth  can  thus  be  distinguished,  and 
between  them  is  a  cavity  {cavmn  perilymphalicum)  filled  with  a 
lymph-like  fluid  (perilymph),  and  penetrated  by  connective  tissue 
and  blood-vessels  extending  from  its  walls  to  the  membranous 
labyrinth.  The  cavity  witTiin  the  latter,  which  also  contains  a 
fluid  {endolymph),  is  spoken  of  aa  the  cavum  endolymphaiicum. 

In  Amphioxus,  an  auditory  organ  is  wanting.     In  all  Craniates, 
except  Cyclostomes  (p.  295),  three  semicircular  canals  are  ^rea&a.t^ 
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and  these  lie  in  planes  roughly  at  right  angles  to  one  another. 
They  are  distinguished  iis  the  anU-rioi-  vaiicai,  the  posterior  vertical, 
and  the  horizontal  (cxta-iial)  caiial  (Fig.  213).  Tho  first  and  last- 
named  arise  from  the  jwrtiun  of  the  iitricuhis  known  as  the  i-ecessus 
utriculi,  and  at  its  origin  eacli  has  a  vesicle-like  swelling  or 
ampulla,  enclosing  sensory  cells.  The  posterior  canal  also  arises 
with  an  ninpulla  from  a  prolongation  of  the  utriculus.  The  other 
end  of  the  horizontal  canal  opens  by  a  funnel-shaped  enlargement 
into  the  utriculus,  while  that  of 
the  anterior  and  of  the  posterior 
canal  unite  to  form  a  common 
tube,  the  so-called  cfinal  ci/iiimis- 
mre  (sinus  superior),  which  also 
opens  into  the  utriculus. 

Concretions  composed  mainly 
of  carbonate  of  lime  arc  present 
in  the  regions  of  the  various 
nerve  end-plates  of  the  auditory 
organ  in  all  Vertebrates  These 
otoliths,  which  arise  in  the  epi- 
thelium lining  the  oi^in,  and 
are  then  set  free  into  its  cavi- 
ties, present  the  greatest  variety 
both  in  form  and  size.  The 
largest  and  most  massive  ones 
are  seen  in  Tel  costs.  They 
either  consist  of  a  single  mass 
-SemidiaurammaticFiodbj!  f^j.  separate  otoliths  are  present 
I   Left  Memubanoi's  Labv-    .       ,.£,  .  ,    ,r^  ,  , 

ow  A  Vertebrate.    As  seen    m  different  regions  of  the  laby- 
e  outer  side.  rinth. 

The  sensory  epithelium,  to 
which  the  branches  of  the  audi- 
tory nerve  are  distributed,  is 
situated  in  the  following  parts  of 
the  the  membranous  labyrinth  :(1)  the 
'  **■  three  ampulla;  of  the  canals,  in 
^'  each  of  which  the  auditory  cells 
nuB  are  situated  on  a  ridge  (crista 
antstica)  projecting  intothclumen 
(Fig.  214);  (2)  the  utriculus 
)  the  sacculus  and  lagena,  or  nidiment 
of  tho  cochlea ;  (4)  the  rudimentary  macula  aatstica  neglecta,  which 
in  Fishes,  Binis,  and  Reptiles  is  situated  on  the  floor  of  the 
utriculus  close  to  the  sacculo- utricular  canal,  in  Amphibians  on  the 
inner  side  of  the  sacculus,  and  in  Mammals  undergoes  a  gradual 
reduction  and  may  even  become  obliterated.^    The  several  portions 

'  In  addition  to  these,  there  is  a  transitory  macula  diiclna  rittnitiilia  utuatcd 
lu  the  ragioD  of  the  Mcculo-vochlear  duct. 


!*<,  apex  of  the  i 


posterior  semicircular  canals  ;  aa,  ae, 
ap,  ths  corresponding  ampulla; ;  cm«, 
utriculo-iaccular  canal  ide,  ne,  ductus 
and    saecus    endolymphaticus, 
former  arising  from  the  sacculut 
t ;   {,  recessns  sacculi  (lagciia) ; 
receasuB  iilriculi ;    s,   sacculua  ; 
sinuH   utriculi    poeteHor ;    m,   ei 
utriculi  aui>erior  ;  n,  utriculus. 

and  tho  rocessus  utriculi ; 
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of  the  sensoiy  plivte  or  macula  aaistira,vjhich  arc  originally  con- 
tinuous, become  disconnected  from  one  another  later,  and  from 
Tflpi>sts  onwards  are  seen  as  separate  niaculie  acuaticfe. 

A  number  of  the  regions  characterised  by  the  possession  of 
this  scnsorj'  epithelium  are  not  concerned  with  the  sense  of 
hearing:  those  of  the  Jimpullie,  for  instance,  and  probably  those 
situated  ill  the  utriculus,  are  to  be  looked  upon  as  organs  of 
cquHihration,  serving  for  the  orientation  of  the  individual  in  space. 
The  fact  that  the  above-mentioned  parts  of  the  membranous 
labyrinth  are  phylogenetically  very  ancient  structures,  and  also 
that  thu  organ  in  Invertebrates  to  which  the  function  of  hearing 
was  formerly  ascribed  has  now  been  proved  to  be  concerned  mainly 
with  equilibration,  indicates  that  the  latter  function  was  the  primary 


I,  luiKC  i>f  iieniioircular  canal ; 
coniniunia :  r,  epithelium 
nerve  puHBing  into  the  cot 


,  point  of  opening  of  the  anipulia  into  the  atveus 
n  the  wall  of  the  ampulla ;  d,  auditory  haire  ;  n, 
eaive-ti-BUO  of  the  cmta. 


Olio  in  the  vertebrate  meuibranous  labyrinth.  Later,  on  the  gradual 
appeanince  of  the  cochlea,  a  division  of  labour  took  place,  the 
more  ancient  part  of  the  labyrinth  retaining  its  primitive  function, 
while  the  new  portion  by  degrees  became  differentiated  into 
a  specialised  aiiilitory  organ  serving  for  the  analysis  of  sound 
vibrjitions. 

The  higher  we  (Ki-sh  in  the  Vertebrate  series,  the  greater  share 
docs  the  me.soiierm  take  in  the  formation  of  the  auditory  organ. 
At  first — that  is,  in  Fishes — the  auditory  capsule  lies  close  to  the 
Hurfiue,  and  is  thus  easily  acces.sible  to  the  waves  of  sound,  which 
are  ccmdiieti'il  partly  thniugh  the  ojierculum  (when  present),  and 
paitiy  through  the  gill-cavities  or  spiracle.  In  the  higher  animals 
the  auditory  organ  gradually  sinks  further  and  further  inwards 
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from  the  surface,  so  that  a  new  method  for  conducting  the  sound- 
waves  to   the   internal   ear   is  necessary,   and   certain  accessory 


Fin.  215.~Dm<iba>i 


Mak 


B  from  the 


BxHituU  Ear.— Mae,  external  auditory  meatus;  M,  M  pinna  Mt  tympanic 
mombnine  ;  O,  wall  of  meatus. 

MiiliUt.  Ear.—Cl,  C,  tympnnic  cnvitv ;  M,  fenealra  rotunda  (cochlew)  ;  0',  wall 
uf  tympanic  cavity ;  O",  wall  of  KiiBtachiaii  tnlie  ;  SAp,  Bound  conducting 
spparatiiB,  di-awn  in  the  form  of  a  rod,  representing  the  auditory  ossiclca  ; 
the  point  t  correspqndB  to  the  stapea,  inserted  into  the  fenaHtra  ovalis 
(veatibuli) ;  Tb,  Eustachian  tube  -.  Th',  ito  opening  inU>  the  pharynx. 

Iiliernal  Ear,  with  the  greater  part  of  the  bony  labyrinth  {KL,  KL')  removed. — 
a,  b,  the  two  vertical  canala,  one  of  which  (0)  is  shown  cut  through  ;  the 
horizontal  canal  is  seen  l>etween  2  and  S ;  c,  Co.  commissure  of  the  canals  of 
the  membronouB  and  bany  labyrintiis  refipoctively  ;  Con,  membranous  cochlea, 
which  ends  blindly  at  +  ;  Con',  bony  cochlea ;  Cji,  cavum  perilympliaf ' 
Cr,  canalis  reuniena  ;  J>.p,  ductus  perilymphatieus,  which  arises  frc 
scala  tynipani  at  d,  and  opens  at  If.p'  :  S,  sacculus  :  H.e,  D.e,  saccus  and 
ductus  cndolymphalicus  ;  the  latter  bifurcates  at  2,  where  its  outline  should 
have  lioen  dotted,  so  as  to  indicate  that  it  opeiki  on  the  inner  side  of  the 
Inhyrinlh  ;  .S''-  and  SI,  acala  vestilinli  and  scata  tympani,  which  at  *  pass 
into  one  another  at  the  cupula  tenninalis  (CVJ. 

stnictiires  become  developwl  (Fig.  215).     In  the  first  place,  acana), 
develoj)od  in  the  position  of  the  nyomandibular  or  spiracular  cleft,^ 

'  The  cavity  of  the  middle  ear  is  doubtless  <lurivabie  in  the  first  i>iataac« 
from  the  spiracular  oleft  which  in  Ktasmubranchs  is  in  close  relation  to  the  ear, 
and  thus  acenis  to  bo  particularly  well  adaptoil  fiir  conducting  sound  waves.  In- 
dications r>f  the  former  relation  of  the  tympanii:  uavity  with  the  respiratory  fimo- 
tioD  are  seen  in  the  Frog,  in  which  the  culaneonH  branch  of  the  pulmonary  artery 


iiiibrane.     The  morphology 


Dnary  ai 
of  the 


Ilpinologous  in  Anurn,  iiauropsida,  and  Manimali 


ipeil  secondarily  and  is  apparently  not  strictly 
id  Manimalia, 
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takes  on  a  close  relation  to  the  auditory  apparatus,  and  gives  rise 
to  a  spacious  chamber,  the  tympanic  cavity  or  middle  ear,  communi- 
cating with  the  pharynx  by  the  Eustachian  tube,  and  being  closed 
externally  by  a  vibratory  tympanic  membrane,  between  which  and 
the  auditory  capsule  a  sound-conducting  apparatus  (columella  or 
auditory  ossicles,  pp.  98, 133)  extends.  In  higher  forms  still,  the 
tympanic  membrane  is  situated  more  deeply  at  the  base  of  an 
extomal  auditory  meatus  or  pa^ssage,  to  which  in  Reptiles  the  first 
indications  of  a  muscular  fold  of  the  integument  are  added.  Only 
in  Mammals,  however,  does  the  meatus  play  an  important  part,  and 
in  them  a  typical  pinna  or  auricula  is  developed,  which,  with  the 
meatus,  constitutes  what  is  known  as  the  external  ear. 

Cyclostomes. — In  Petromyzon  there  are  only  two  (vertical) 
semicircular  canals,  which  unite  together  in  a  common  section,  the 
so-called  commissure  ;  in  Myxine  only  one  canal  is  present,  but 
this,  as  it  possesses  two  ampullae,  probably  represents  the  two 
united  with  one  another  (Fig.  216,  a). 

Fishes. — The  auditory  organ  of  all  true  Fishes  (Fig.  216,  A^-c) 
follows  the  general  plan  given  above,  and  the  same  may  be  said  for 
all  the  higher  Vertebrates.  Almost  without  exception  we  meet 
with  a  division  into  a  pars  superior — represented  by  the  utriculus 
and  semicircular  canals,  which  remains  essentially  much  in  the 
condition  already  described,  and  a  pars  inferior — constituted  by 
the  sacculus  and  cochlea,  which  gradually  becomes  more  diflfer- 
entiated,  and  attains  a  higher  and  higher  degree  of  development 
and  functional  perfection.  In  Fishes,  the  lagena  or  cochlea  consists 
simply  of  a  small  knob-like  appendage  of  the  sacculus,  which  opens 
freely  into  the  main  cavity  of  the  latter  by  means  of  the  sacculo- 
cochlear  canal :  it  is  absent  in  Chimsera.  The  utriculus  and  sacculus 
also  communicate  with  one  another  by  the  saccule-utricular  canal.^ 
In  Elasmobranchs  the  ductus  endolymphaticus  opens  to  the 
exterior  dorsally,  and  is  thus  in  free  communication  with  the  sea- 
water.*-  In  certain  Teleosts,  in  addition  to  a  large  otolith  situated 
in  the  sacculus  and  smaller  ones  in  the  lagena  and  recessus  utriculi 
respectively,  calcareous  masses  may  be  present  in  outgrowths  from 
the  sacculus. 

In  Chima^roids,  Ganoids,  Teleosts,  and  Dipnoans  the  auditory 
capsules  are  not  completely  surrounded  by  cartilage  or  bone,  the 
perilymphatic  and  cranial  cavities  only  being  separated  by  a  fibrous 
partition.     As  compared  with  the  practically  independent  carti- 

^  In  Plagiostomes  the  utriculus  and  sacculus  are  not  divided  off  from  one 
another,  and  the  anterior  and  posterior  canals  do  not  unite  in  a  sinus  utriculL 
In  Rays  the  canals  are  almost  completely  circular. 

2  The  endolymphatic  duct  corresponds  to  the  stalk  of  the  auditory  vesicle 
connecting  it  with  its  superiicial  point  of  origin  ;  in  Vertebrates  other  than 
Elasmobranchs  (except  in  Teleosts,  in  which  it  is  wanting)  it  becomes  separated 
very  early  from  the  outer  ectoderm. 


I.— Memhranow  Labykikwi  (if  VARiors  Kisnt».     (After 
A,  Myxiiif.  glntiiuyin,  from  Ihc  inner  sUlc. 

I,  ap,  (Ulterior  and  posterior  ampulla  ;  rr,  canftlis  communis  ;  de,  ductus  en<Io- 
lymphaticuR  ;  i-iri,  crista  ncustica  of  the  nnterior,  and  rrp,  al  the  posterior 
anipulln  ;  tm*,  macula  ocustjuii  cominiiiiia ;  m,  rp.  anterior  and  posterior 
1>raiiclie«  of  the  auditory  nerve ;  ■'',  BaccuB  coininimis  ;  ae,  rbcviib  ondolyni- 
phaticus. 

',  Ari'iieHner  slurio,  from  the  ontor  side ;  B,  Chiiifem  monttroitn,  from  the  inner 
side ;  C,  Perea  JtnriatilU,  from  the  inner  aide. 

I,  at,  ap,  anterior,  e^itemnl,  and  posterior  ampulla  ;  ae,  auditory  nerve;  out, 
ape*  of  the  sinuB  superior ;  ta,  re,  rp,  anterior,  external  (lioriiontal)  and 
posterior  semicircular  cnnaU ;  cr,  crista  aoustica  of  the  ampullie ;  can, 
iitriciih}-sac(.'ular  canal ;  dt,  ductus  endulymphaticux,  which  in  B  opens 
externally  throufgli  the  skin  hn  at  f/c ;  /,  lagena  (coi^lilea) ;  mn,  macnU 
ni^uHtica  neglccta  ;  >n«.  macula  ntiistica  of  ihc  Hacculus  ;  luu,  macula  acuatica 
of  the  rcuessus  utriculi ;  o  (in  C),  otoliths  in  the  reersHUB  utriculi,  saccalus, 
and  1af;ena ;  ]il,  ]>apilla  acuHtica  of  the  lagena ;  iim,  rot,  rap,  m,  r«,  H,  ni, 
llie  various  liranchcB  of  the  Bitilitfiry  nerve  ;  rei-,  ret^csBUB  utriculi ;  «,  uc- 
culu!i ;  ",  Bacciis  eiidolymphaticuB ;  iti,  fji,  Hiiius  utriculi  s'-porior  and 
posterior  -,  M,  utriculis, 
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laginuus  capsules  of  Cj'clos tomes,  those  of  (inathostomes  in  general 
became  gradually  more  and  more  drawn  into  the  skull  in  the 
course  of  development,  and  on  the  partial  reduction  of  their 
cartilage,  certain  of  the  cranial  bones  having  primarily  no  relation 
to  them  may  take  part  in  enclosing  the  labyrinth  (many  Teleosts '). 
The  auditory  organ  of  the  Dipnoi  most  nearly  resembles  that  of 
Elasniobranchii,  and  more  particularly  that  of  Chimfera.  In 
Protopterus  the  swollen  endolymphatic  duct  of  either  side  gives 
rise  to  a  number  of  tube-like  diverticula  filled  with  otolithic 
substance.  These  almost  entirely  cover  the  fourth  ventricle  of  the 
bniin,  and  extend  backwards  as  far  as  the  sensory  root  of  the  fir^t 
spinal  nerve. 

Amphibians. — The  membranous  labyrinth  of  Amphibians  re- 
sembles that  of  Fishes  and  Dipnoans  in  many  respects,  but 
importiint  differences  are  seen — more  particularly  as  regards  the 
lagena,  which,  especially  in  the  Anura,  becomes  further  constricted 


Fh;.  217.- 


9  Labvriktii  of  ffniii  t^uleitl't,  from  thu  inner 
Biile.  (After  Ci.  ReUius.) 
ail,  aperture  of  utriculuB  ;  riif ,  utriculo-sacciilar  canal ;  I,  lagena  coulileiB  ;  mii,  mt, 
mn,  macula  Bciislica  re<:eiuiiia  utricMli,  nacculi,  ami  neglecUi ;  }ih,  pan  lioailaris 
cochle.'G  ;  /J.ji/Jt,  pHpilla  mu^ilica  lagfutv  and  basilarin  :  nix.  rap,  r>,  ni.  rl,  rh, 
branches  of  auditory  nerve  tJi  the  anterior  and  posterior  ampnlln.',  BftL-tuIus, 
macula  negleuta,  lagena,  and  para  ba<iilari9.  (Other  letters  as  in  Fig.  210, 
A'-C.) 

off  from  the  siicculuH  and  has  close  relations  to  the  perilymphatic 
system,  retiching  a  higher  stage  of  development.  The  saccuius 
itself  in  Anura  is  considerably  reduced,  while  in  Urodcles  it  is 
relatively  larger  than  in  Fishes. 

'  In  certain  Teleoata  (Siluroidei,  Gjmnotida>,  Characinidie,   Cymnarcliiiln;, 
Col>itiilie,  Cyprinoidie]  the  auditory  organ  eoniee  into  relation  with  the  air-bladder 

'  <      '  '<  "■  W..1u>r;..ti  .».ii..1».>n  o..i->.niin.l».l   Lira  iwiLlInimflini 


^.Cvpr 


IB  pairs  of  rilis :  it  is  poasit 
•blailder  can  l>e  ajipreutated 
lir-bltiildvr  and  the  iDt«rti»l  i 
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The  first  indications  of  a  pars  basilaris  with  its  papilla  basilaris 
lagenoB  are  already  met  with  in  certain  Urodeles,  but  they  lie 
inside  the  upper  part  of  the  lagena,  close  to  the  sacculus. 

In  the  Anura  (Figs.  217  and  218)  a  higher  condition  is  seen  in 
the  presence  of  a  peculiar  small  outgrowth  of  the  thickened  wall 
of  the  lagena  on  which  a  definite  region,  supported  by  cartilage, 
corresponds  to  the  basilar  Tnembrane  of  higher  types.  The  lagena 
and  pars  basilaris  now  open  close  together  but  independently  of 
one  another  in  the  posterior  part  of  the  saccnlus.  Thus,  in  addition 
to  those  present  in  Fishes,  a  new  patch  of  nerve-endings  is  added, 
viz.,  the  papilla  acustica  basilaris  lagence. 

The  ductus  endolymphaticus  may  give  rise  to  large  sac-like 
enlargements  containing  calcareous  matter  which  meet  those  of 
the  other  side,  either  on  the  dorsal  surface  only,  or  on  both  dorsal 
and  ventral  surfaces  of  the  brain.     The  latter  is  the  case  in  Anura, 


Si \ 


Fig.  218.— DiAt;RAM  suowino  tue  Relations  of  the  Lagena  and  Pars 
Basilaris  in  Andra  (A)  and  Sauropsida  (B).  The  outer  wall  of  the 
sacculus  faces  upwards.     (After  H.  Spencer  Harrison. ) 

/>,  ductus  saoculo-cochlearis ;  Lg^  lagena ;  MS^  macula  sacculi ;  P6,  pars 
basilaris  with  its  cartilaginous  framework ;  Pp&,  papilla  basilaris ;  Pjj/, 
papiUa  lagenae  ;  Sy  sacculus. 

for  instance,  in  which  the  sac  extends  as  an  unpaired  structure 
along  the  whole  vertebral  canal  dorsally  to  the  spinal  cord,  giving 
rise  to  paired  outgrowths  extending  through  the  intervertebral 
foramina  and  forming  the  characteristic  calcareous  bodies  situated 
close  to  the  spinal  ganglia.  These  consist  of  numerous  inter- 
communicating tubes  lined  by  pavement  epithelium  and  plentifully 
supplied  with  capillaries. 

The  perilymphatic  cavity  of  Amphibians  communicates  medially 
with  the  cranial  cavity  by  a  perilymphatic  dticty  and  the  same  is 
true  of  the  Amniota. 

A  further  advance  in  structure  as  compared  with  Fishes  is  seen 
in  the  gradual  differentiation  of  a  middle  car.  In  the  outer  wall  of 
the  auditory  capsule  is  a  membranous  space,  the  fenestra  vestibuii 
(ovalis),  which  is  plugged  by  a  cartilaginous  stapedial  plate,  and 
from  the  latter  a  rod-like  cartilage  or  bone,  the  columella^  usually 
extends  outwards  towards  the  quadrate  and  paraquadrate  (p.  98). 

A  tympanic  cavity,  with  a  tympanic  mevibrane  supports!  by  a 
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ring  of  cartilage  lying  on  the  level  of  the  skin,  and  a  EustaxJiian 
titbe  opening  into  the  pharynx,  are  met  with  in  most  Anura,^  in 
which  also  the  columella  is  more  perfect,  consisting  of  a  bony  and 
cartilaginous  rod  expanded  distally  to  fit  against  the  tympanic 
membrane.  The  columella  is  wanting  in  certain  Urodeles  (e,g. 
Triton).  A  membranous  fenestra  cochleee  {rohinda)  in  the  outer 
wall  of  the  auditory  capsule  is  present  in  many  Amphibians  and 
in  all  higher  Vertebrates  in  addition  to  the  fenestra  vestibuli.  The 
car  of  the  Gymnophiona  essentially  resembles  that  of  the  Urodela. 

Reptiles  and  Birds.  — In  Chelonians,  the  auditory  organ 
shows  many  points  of  resemblance  to  that  of  Urodeles ;  and  in  all 
the  Sauropsida  the  chief  modifications  are  confined  to  the  cochlea, 
which  gradually  shows  a  higher  condition  of  development  in  passing 
from  Chelonians  and  Snakes  to  Lizards  and  Crocodiles. 

In  Chelonians  the  lagena  and  pars  basilaris  are  almost  com- 
pletely united  in  the  cochlea,^  and,  m  contrast  to  the  Anura,  they 
now  communicate  with  the  sacculus  by  a  single  aperture.  The 
cochlea  grows  out  in  the  form  of  a  short  canal  ("  ductus  cochlearis)," 
which  in  Crocodiles  and  Birds  is  considerably  longer  and  slightly 
coiled  (Figs.  219  and  220).  A  more  marked  differentiation  also 
gradually  takes  place  in  the  membrana  basilaris  and  the  papilla 
acustica  basilaris  (Fig.  218,  B).  Both  become  more  and  more 
elongated,  and,  at  the  same  time,  distinct  indications  of  scalcc 
tympani  and  vestilnUi  are  seen  (cf.  Fig.  223).  In  the  Lacertilia  the 
most  varied  types  of  auditory  organ  are  met  with,  gradually  leading 
up  to  that  seen  in  the  Crocodilia.  Thus  there  is  a  continuous  and 
an  unbroken  series  from  the  lower  forms  to  the  higher.* 

Thus  the  cochlea  gradually  becomes  more  independent  of  the 
sacculus,  which  shows  the  greatest  variety  both  as  to  form  and  size 
in  the  different  types.  It  is  usually  very  small  in  Birds,  for  in- 
stance, while  in  Lizards  {e.g.  Lacerta)  it  is  of  considerable  size. 
The  aperture  of  communication  between  the  utriculus  and  sacculus 
]:>ersists,  though  it  gradually  becomes  narrowed,  as  does  also  that 
between  the  sacculus  and  cochlea.  The  connection  between  these 
latter  may  be  drawn  out  to  form  a  canal  {canalis  reuniens),  and  this 
is  particularly  the  case  in  Birds ;  in  Crocodiles  an  intermediate 
condition  between  Birds  and  Lizards  is  seen.  The  membranous 
labyrinth  of  Birds,  hojivever,  is  always  specially  characterised  by  the 
peculiar  arrangement  of  the  anterior  and  posterior  canals,  which 
are  greatly  arched  and  the  position  of  their  openings  into  the  sinus 
superior  (canal  commissure)  is  reversed.  In  lower  types  (Swimming 
Birds)  this  peculiarity  is  less  marked  than  in  the  higher  forms. 

^  Except,  e.g.  the  Pelobatidjb. 

^  At  the  same  time  even  here  a  posterior  portion  (pars  liasilaris)  can  be 
plainly  distinguished  from  an  anterior  portion  (lagena)  by  a  ridge  extending  into 
the  lumen  {e.tj.  Lacerta). 

^  The  structure  of  the  auditory  organ  of  Hatteria  shows  many  striking 
peculii^rities  :  liHe  that  of  Cbi^maeleo,  it  occupies  an  isolated  poeitiou. 
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In  Chelonians  an  external  and  an  internal  portion  of  the 
tympanic  cavity  can  be  distinguished :  the  former  is  surrounded 
by  the  quadrate,  which  is  correspondingly  hollowed  out  and  covered 
PxtBrnally  by  the  tympanic  membrane.  The  two  portions  com- 
municate by  a  canal  through  which  the  columella  extends,  and 
which  is  bounded  either  entirely  by  the  quadrate  or  partially  by 
soft  parts  also. 

In  many  Reptiles  the  distal  end  of  the  ductus  endolymphaticua 
is  situated  close  under  the  roof  of  the  skull  beneath  the  parieto- 
occipital suture,  and  in  the  Ascalabota  the  duct  even  leaves  the 
cranial  capsule,  passes  back  between  the  muscles  of  the  neck,  and 


e,  aperture  of  the  diictua  emiolyinphaticm ;  fai;  aiiooulo-cochleiir  canal  { , 
foramen    recessoB    Bcala;    Ijinpatii:    nifi,   momhrana  bnsilaris  :   '  , 
vriiciatuQi ;  le,  tegmentum  vasculoaum.     (Otlicr  letteni  as  in  Figd.   2IQ 


in  the  region  of  the  pectoral  arch  becomes  swollen  to  form  a  li 
folded  sac,  from  which  finger-shaped  jirocaeses  extend  to  . 
ventral  surface  of  the  vertebral  column  and  to  tho  sub-mu« 
tissue  of  the  pharynx.  These  processes  may  also  branch  out  ii^n 
labyrinthic  manner  into  the  orbit :  they  are  filled  with  a  whff 
semi-solid  mass  of  otolithic  substance,  as  is  the  endolymph^n 
duct  of  all  Vertebrates,  at  any  rate  in  the  embryo.  In  Birds,  t^ 
dnct  does  not  pass  out  of  the  cranial  cavity. 

A  tympanic  membrane  is  present  in  Birds  and  all  RcrptiK 
except  Hattcrift,  Snakes,  and  Amjihisbjenians,  in  which  the  tyrii 
panum    and     Eustachian     tube     have     undergone     degencraliot 
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OK  TuniuM  iHUdiVui.  from  the  i 
(After  (1.  BeteiUB.)  LetUra  as  ii 
Figures. 


LADrRINTII 


Kwiweifilly  in  Ci^ooodilcs  and  Birds,  in  which  the  two  EuHtachinn 
canals  u[<c-n  by  u  single  nii^diiin  npcrtum  into  the  pharynx,'  the 
tyinpimiir  cavity  is  complicated,  and  in  continued  into  pneumatic 
ciivitioH  in  the  neighbouring  bonca.  The  oaseo-cartilaginous 
culnniella  is  well  dovelo])cd  in  most  of  the  Sanromida,  and  is  not 
distinct  from  the  stapedial  plate;  in  Hatteria  it  is  continuous 
distally  with  the  hyoid  (p.  115). 

In  most  Lizards  the  tympanic  membrane  is  on  a  level  with  the 
skin,  but  in  certain  forms  (e.g.  Ascalabota,  Lacerta,  Monitor)  an 
indication  of  the  develop- 
ment of  an  external  audi- 
tory passage  is  seen,  the 
tym|Kinic  membrane  being 
partially  covered  posteri- 
orly by  a  small  fold  of 
skin,  nsimlly  enclosing  the 
anterior  boitler  of  the  di- 
gastric muscle:  in  Croco- 
diles there  in  a  definite  in- 
tegumentary valve  moved 
by  muscles  (abductor  of 
the  mandible,  supplied  by 
the  facial  nerve)  and  en- 
closing a  dermal  bone,  and 
in  certain  Birds  also  {e.g. 
Owls)  there  is  a  movable 
valve.  The  tympanic 
membrane  in  Birds  is  situated  some  distance  from  the  surface  in 
an  external  auditory  passage,  and  is  stretched  on  a  ring  fonned 
by  several  bones  of  the  skull. 

Mammalt. — The  auditory  organ  of  Mammals  reaches  a  much 
higher  stage  of  development,  but  in  Monotremes  it  shows  many 
points  of  resemblance  to  that  of  Reptiles  and  Birds. 

The  cochlea  now  reaches  its  highest  development,  and  forms 
a  long  tube  which  becomes  spirally  coiled  on  itself  (Figs.  221 
and  222).^  In  this,  as  well  as  in  the  more  highly- specialised 
histological  structure  of  the  cochlea,  lies  the  characteristic  peculi- 
arity of  the  auditory  organ  of  Mammals.  The  auditory  nerve 
forms  the  axis  of  the  spiral. 

In  consequence  of  this  development  of  the  cochlea,  the  papilla 
basilaris  acustica,  or,  as  it  is  called  in  Mammals,  the  organ  of  Corii, 

'  III  Crocodiles  tliis  aperture  leads  into  ihree  cnnaln,  a  ine<lian  anil  a  pajreil, 
all  of  whieh  communicata  with  tlie  tympanic  cavity  in  a  complicaled  manner. 

"  In  Man  it  forms  nearly  three  coils,  and  in  other  Maninuls  from  one  and  a 
half  (Cetocca)  up  to  as  man}'  as  four  or  more.  Thus  in  the  Kabbit  there  are  two 
anil  a  half,  in  the  Ox  tbrce  and  a  half,  in  the  Pig  almmit  four,  ntid  In  the  Cat 
three  cuila.  The  cochlea,  ne  well  aa  the  hbccuIus  and  all  parts  of  the  part  tiuperior 
of  the  membranous  labyrinth,  vary  considerably  both  in  form  and  arrangement  in 
the  various  type*. 
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is  dmwn  out  to  a  considerable  lens^t'h,  and  the  part  of  the  wall  of 
the  cochlea  on  which  it  lies  is  called  the  basilar  membrane,  while 
the   opposite   wall   is   spoken    of  as   the   membrane   of   Seitmer 


fv,  canalis  reuniens  Heneeni ;  /,  facial  nerve  ;  luit  spiral  ligament ;  tub,  basilar 
membrane ;  rb,  basilar  branch  of  the  auditory  nerve  (or) ;  mia,  ginas  utri- 
cularia  eaccuU,     (Other  letters  as  Figs.  216-22U. ) 

(membrana  vestibularis)  (Fig.  223):  this  is  already  represented  in 
Reptiles. 

Except  in  Monotremes,  the  papilla  acustica  lagenx  has  dis- 
appeared :  thus  in  other  Mammals  there  remain  only  six  patches  of 
uorve-eiidings. 
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The  original  aperture  of  communication  between  the  pars 
superior  and  pars  inferior  of  the  membranous  labyrinth — that  is, 
between  the  sacculus  and  utriculus,  is  obliterated  in  Mammals,  the 
two  parts  being  only  indirectly  connected  with  one  another  by 
means  of  the  ductus  endolymphaticus.  This  bifurcates  at  its  point 
of  insertion  into  the  membranous  labyrinth,  one  limb  being  con- 
nected with  the  utriculus  and  the  other  with  the  sacculus  (Fig. 
215);  while  its  upper  end  perforates  the  inner  wall  of  the  carti- 
laginous or  bony  auditory  capsule,  passes  into  the  cranial  cavity, 
and  terminates  by  an  expanded  extremity  {saccrm  endolymphatmis) 
in  the  dura  mater.  Osmosis  can  thus  occur  between  the  lymph 
contained  in  the  endolymphatic  and  e|)icerebral  lymph -spaces 
respectively. 

The  tympanic  membrane  becomes  secondarily  situated  deep 
down  in  the  external  auditory  meatus,  and  an  important  difference 
is  thus  seen  as  compared  with  the  Amphibia  and  most  Sauropsida. 
The  tympanic  cavity  and  Eustachian  tube  are  well  developed,  and 
in  place  of  a  single  bony  columella  there  is  a  chain  of  three 
aiuiitory  ossicles^  articulating  with  one  another  and  extending 
between  the  tympanic  membrane  and  the  fenestra  vestibuli.  These 
jxre  the  malleus,  the  incus  with  its  orbicular  apophysis,  and  the 
stapes} 

Two  striated  muscles  are  present  in  connection  with  the  middle 
ear.  The  phyletically  older  stapedius  arises  from  the  wall  of  the 
tympanic  cavity  and  is  inserted  into  the  stapes,  serving  to  keep  the 
membrane  of  the  fenestra  vestibuli  stretched.  It  is  supplied  by 
the  facial  nerve  and  corresponds  to  the  dorsal  portion  of  the  deep 
constrictor  inserted  on  the  hyoid  in  Fishes,  from  which  the 
hinder  belly  of  the  biventer  of  Mammals  also  arises.  A  tensor 
tympaniy  supplied  by  the  mandibular  division  of  the  trigeminal  and 
derived  from  the  system  of  the  adductor  mandibulae  (pars 
pterygoidea),^  also  arises  from  the  wall  of  the  tympanic  cavity,  and 
IS  inserted  on  to  the  manubrium  of  the  malleus,  serving  to  stretch 
the  tympanic  membrane. 

As  already  mentioned,  the  form  of  the  membranous  labyrinth 
is  repeated  by  its  enclosing  cartilaginous  or  bony  capsule,  which 
forms,  so  to  speak,  a  sort  of  cast  around  its  individual  parts.  In 
Mammals  the  skeletal  labyrinth  becomes  ossified  before  any  other 
part  of  the  skull,  and  is  incompletely  divided  into  two  parts 
enclosing  the  utriculus  and  sacculus  respectively.     With  the  latter 

^  Cf.  Fig.  95,  in  which  the  mode  of  developincnt  of  these  parts  is  shown. 
There  is  often  also  a  bony  (interhyal)  rudiment  in  the  tendon  of  the  stapedius 
muscle. 

^  In  Man  the  tensor  tympani  is  from  the  Hrst  connected  with  the  tensor  veli 
palatini  muscle.  In  Ornithorhynchus  it  has  a  double  origin,  one  part  being 
continuous  with  the  pharyngeal  muscles  and  the  other  arising  indepcnifently.  A 
stapedius  muscle  is  wanting  in  Ornithorhynchus  and  Echidna,  and  a  tensor 
tympani  in  Mauis ;  and  in  all  these  three  animals  the  tvmpanic  cavity  is  sub- 
divided into  an  upper  and  a  lower  portion  by  a  horizontal  septum  of  connective 
tissue. 
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yaiX  is  connected  the  Urni/  a^JiUa,  the  axi»  of  which  lessens  in  size 
from  base  to  ajtex  <  Fig.  222).  and  round  it  a  bony  lamella  (/antiui 
gpiralu  otxta)  winds  in  a  spiral  manner;  this  extends  into  the 
cavity  of  the  coits  of  the  cochlea  without  quite  reaching  as  lar  as 
Uie  opposite  wall,  being  continued  outwards  by  two  laterally- 
diTetving  lamelUe,  mentioned  above  as  the  basilar  membrane  and 
tnembiane  of  Beissner ;  these  lie  at  an  angle  to  one  another  and 
correspond  to  the  inner  walls  of  the  memu&nous  cochlea  {diuttu 
ectAUaris  or  Motia  media),  which  is  approximately  triangular  in 
transverse  section.  The  outer  wall  abuts  against  a  portion  of  the 
peripheral  part  of  the  bony  cochlea.  It  is  apparent  therefore  that 
the  scala  media  does  not  b}-  any  means  Till  up  the  lumen  of  the 
bony  cochlea,  but  that  a  cavity  is  left  on  either  side  of  it,  corre- 


Fic.  222.— Bom  Cuchlea  or  Man.     (After  A.  Ecker.) 

A,  >xu  ;  H,  bsmnliu  ;  Lio,  Lm^,  lamiiu  ipinlis  oica,  the  free  edge  of  which, 

perforated  bj  the  fibres  of  the  uditorj  nerve,  ■•  vinbia  aX  t. 

Fig.  22S.— Diagrammatic  Tbaxsvkbsk  Sictio.<>  of  the  Cochlea  or  a 

B,  membnuik  bauUria,  on  which   the  DeDro.epUbeUQiii  liea  ;  C,  membnoe   of 

Corti ;  KS,  bony  cocblek  ;  L,  limbuB  Ismiiue  EpiralJs  ;  Lo,  L^,  the  two 
kyen  of  tbe  Uduha  npiralu  oseea,  between  which  At  H  the  aailitory  nerre 
(together  with  the  guiglioD,  left  of  L)  ia  seen  ;  Lk,  ligamoitam  ipirale  ;  S, 
ReUmer'a  membrane  ;  Sni,  scala  media  (membmious  cochlea) ;  St,  bcaIa 
tympani ;  Se,  scala  vestibola. 

sponding  to  those  already  met  with  in  the  auditory  organ  of  Birds 
and  known  as  the  xala  teslibidi  and  Kala  tympani  (Figs.  215  an^l 
223).  Both  of  these  are  continuous  with  the  perilymphatic  space, 
and,  following  the  direction  of  the  scala  media,  open  into  one 
another  at  the  blind  end  of  the  latter.  The  scala  vestibuli  is 
shut  otf  from  the  tympanic  cavity  by  the  membrane  of  the  fenestra 
vestibuli,  to  which  the  stapes  is  applied  externally ;  the  scala  tjTU- 
pani  is  closed  by  the  membrane  of  the  fenestra  cochlese. 

On  the  floor  of  the  bony  cochlea,  not  far  from  the  fenestra 
cochlese,  is  an  opening  leading  into  a  narrow  diteius  perUymphaticus 
or  aquedudus  cochlew  (Fig.  215). 

The  fibres  of  the  auditory  nerve  running  along  the  axis  of  the 
bony   cochlea  extend  in  their  course  laterally  outwards,  between 
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the  two  plates  of  the  lamina  spiralis  ossca  (Figs.  223,  224).  On 
the  free  border  of  the  latter  they  pass  out,  and  break  up  into 
terminal  fibrilliB  on  the  inner  surface  of  the  basilar  membrane. 
The  fibrillar  extend  to  the  sensory  or  auditory  cells,  and  these  are 
stretched  as  in  a  frame  between  the  firm  supporting  and  isolating 
cells  or  bacilli.  From  the  surface  of  the  bacilli  a  resistant  net-like 
membrane  {memh'ana  reticulaj-is)  extends  laterally,  and  through 
the  meshes  of  the  latter  the  hairs  of  the  auditory-cells  project. 
The  auditory  cells  are   covered  by  a  thick  and  firm   membrane 


Fki.  224.— Tub  Orkak  or  Cottxi.  (After  Lavtlowsky.) 
/!,  R.  boHiUr  memlirane  ;  Ba,  Ba,  bacilli,  or  mipporlin^  c«Hb  ;  C,  membrane  of 
CVirti  ;  Lo,  I.o',  the  two  plsU*  of  the  lamina  spiralis  o«Bea ;  Lt,  ligamentani 
spirale,  pansini;  into  the  IwHiUr  membrane  ;  JUz,  mcnibrana  retieulariH  ;  X, 
Quilitory  nerve  witli  ganglion ;  N',  N',  llie  nerve  brancliiiiK  up  into  Hbrilliu 
ana  pausing  to  the  amlilory  tellH  [11,  (;j ;  Jl.  u       ■     -  -    -¥  ^ 


':'st^ 


— the  mt'mbrana  lector ia  s.  Corti — which  perhaps  acts  an  a 
damper,  and  which  arises  from  the  vestibular  lip  of  the  lamina 
spiralis  ossea.  The  whole  extent  of  the  basilar  menibi'anc  consists 
of  clear,  thread-like  and  very  elastic  fibres,  of  which  about  16,000 
to  20,000  can  be  made  out  in  Man. 

A  true  pinna  or  auricula  (Fig.  225),  attached  to  the  border  of 
the  external  auditory  meatus  and  projecting  freely  from  the 
head,  appears  for  the  first  time  in  Mammals,  It  13  present 
in  Monotremes,  and,  more  especially  in  Echidna,  is  in  organic 
connection  with  the   upper  end  of  the  hyoid '  by  means  of  the 

'  Thia  fact  appears  to  inrlitate  a  probable  genetic  relation  betweeu  the 
auricala  ftnd  the  visceral  arches. 
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cartilaginous  auditor}-  i>asaiige,  with  which  it  is  continuous.  In  its 
formation  and  further  development,  the  dennal  musculature 
primarily  plays  the  most  important  part. 

In  the  higher  Mammals  the  pinna  andthecnrtilaginous  part  of 


Fio.  225.— The  Pinna  of  Vawols  Primates. 


In  A,  tho  bKmIoI  portion  (b)  representa  the  zone  of  the  auditory  eminences  of  tlie 
embryo,  the  unshaded  that  ol  the  later-formed  auditory  fold,  B,  Man. 
Baboon  and  Ox,  drawn  to  the  wme  scale  and  superposed :  «',  s",  j>,  spina  or 
tip  of  the  ear.  C,  Macacus  rhesus,  with  upwardly  directed  tip  ;  and  D.  Cerco- 
pithecus,  with  bacLtvardly  directeid  tip.  E,  Man  :  the  muscles  are  indicated 
as  follows  — m. a,  atColens  aiiriculie  ;  m.a',  antitragicus ;  m.t,  tragicua  ; 
m.l\  inuonstant  muscle,  extending  from  the  tragicus  to  the  margin  of  the 
helix  :  m.h',  helicis  major ;  m.A",  helicis  minor ;  <r,  tip  of  tho  ear  rolled  over. 

A-D,  after  Schwalbe  ;  E,  after  Henle. 

the  external  meatus  (here  also  continuous  with  one  another)  arise 
fi-om  a  series  of  rounded  eminences  on  the  first  and  second  visceral 
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«irches,  around  the  hyomandibular  (spiracular)  cleft,  the  lower  part 
of  which  closes  up,  while  the  upper  part  gives  rise  to  the  external 
auditory  meatus.  These  auricular  eminences  unite  to  form  a 
nearly  continuous  ring,  on  which  are  later  formed  the  characteristic 
protuberances  known  as  the  helU\  antUielir,  trag^cSy  and  antitrapis. 
The  variations  in  form  of  the  pinna  which  are  seen  in  various 
Mammals  concern  essentially  the  later  formed  portion  (auditory 
fold),  which  projects  upwards  and  backwards  from  the  head 
(Fig.  225). 

The  muscles  which  move  the  ear  as  a  whole,  and  which  are 
supplied  by  the  facial  nerve,  include  the  following  in  the  majority 
of  Slam  ma  is :  (a)  attrahcntes  s.  adduHores,  (b)  levatores  s.  attolentes, 
(c)  abdudores  s.  retrahentes,  (d)  depi^essores,  and  (e)  rotatores.  A 
gradual  reduction  of  these  muscles  is  seen  in  the  following  series : 
Artiodactyla  and  Perissodactyla,  Canidse,  Felidoe,  Prosimii,  Primates, 
the  reduction  being  most  marked  in  Man.^ 

^  The  auditory  fold  may  undergo  inarke<l  reduction,  f.,(j,  in  acjiiatio  and  sub- 
terranean  forms.  Thus  amongst  the  Pinnipedia,  only  the  Otaridtu  possess  an 
'*  external  ear."  The  corresponding  muscles  become  transformed  into  sphincters 
for  closing  the  au<litory  aperture. 


F.    ORQANS  OF  NUTRITION. 

ALIMENTARY  CANAL  AND  ITS  APPENDAGES. . 

The  alimentary  or  enteric  canal  consists  of  a  tube  which 
begins  at  the  aperture  of  the  irumth,  passes  through  the  body- 
cavity  (coelome),  and  ends  at  the  vent  or  anus}    The  walls  of 
the  canal  consist  of  several  layers,  of  which  the   mucous  mem- 
brane,  lining  the  cavity,  and  the  muscular  layer  external  to  this, 
extend  throughout  the  canal.     The  mucous  membrane  consists  of 
a  superficial  epithelium,  and  a  deeper  connective  tissue  layer,  the 
outer  part  of  which,  or  sitbmucosa,  forms  a  loose  network  con- 
necting it  with  the  muscular  layer.^    The  epithelium  is  derived 
from  the  endoderm,  with  the  exception  of  that  lining  the  mouth 
and  anus  {stomodceum  and  proctoda:um)  which  is  ectodermic  in  origin 
(p.  5).     The  connective  tissue  and  muscular  layers  arise  from  the 
splanchnic  layer  of  mesoderm  of  the  embryo;  and  the  muscular 
coat,  consisting  almost  entirely  of  unstriated  fibres,  supplied  by 
nerves  from  the  sympathetic  system,  is,  as  a  rule,  divided  into  two 
layers,  the  inner  being  constituted  by  circular,  and  the  outer  by 
longitudinal  fibres.     These  ser\'e  for  the  contraction  or  peristalsis 
of  the  wall  of  the  gut,  and  thus  fulfil  the  double  function  of 
bringing   the  nutritive  contents  of  the  latter  into   the  closest 
possible  relation  with  the  whole  epithelial  surface,  and  at  the 
same  time  of  removing  from  the  body  the  substances  which  have 
not  been  absorbed.     Striated  (voluntary)  muscular  fibres,  supplied 
by  cerebral  or  spinal  nerves,  only  occur  at  the  anterior  and  posterior 
ends  of  the  canal. 

An  outer  accessory  sermis  coat,  the  pontoneum,  encloses  the  gut 
externally  in  the  region  of  the  coelome.  This  is  covered  on  its 
free  surface  by  pavement  epithelium,  and,  dorsally  to  the  alimentary 
canal,  is  reflected  round  the  entire  body-cavity,  converting  the 

*  The  mouth  of  Amphioxus  apparently  corresponds  to  the  first  gill-cleft  of  the 
left  side  of  craniate  embryos  {i.e.  to  the  left  spiracle  of  Fishes).  The  mouth  of 
Craniates  is  probably  a  new  acquisition  (neoMoma,  gf.  p.  203),  which  has  arisen 
by  the  confluence  of  a  pair  of  gill-clefts.  The  anus,  which  in  many  Vertebrates 
arises  directly  from  the  blastopore,  is  phylogenetically  older  than  the  neostoma. 

'^  A  layer  of  smooth  muscular  fibres  may  be  present  in  the  submucosa,  which 
also  encloaea  lymphoid  or  adenoid  tissue  (solitary  foil  id  ts,  Feyer' s  patches). 
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|e  )  t,  the  point  <vber« 
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latter  into  a  large  lymph-sinus.  A  parietal  layer,  lining  the  body- 
cavity,  and  a  visceral  layer,  reflected  over  the  viscera,  can  thus  be 
distinguished  in  the  peritoneum  (Fig.  10).  The  region  where  one 
passes  into  the  other,  which  is  thus  primitively  double,  is  called 
the  mesentery}  and  this  serves  not  only  to  support  the  alimentary 
canal  from  the  dorsal  body-wall,  but  also  to  conduct  the  blood- 
vessels, lymph-vessels,  and  nerves.  With  the  lengthening  of  the 
alimentary  canal  during  development,  the  mesentery  may  give  rise 
to  a  more  or  less  complicated  system  of  folds  in  which  the  viscera 
are  enveloped. 

The  most  anterior  section  of  the  primitive  alimentary  tract 
of  the  Ichthyopsida  serves  as  a  respiratoii/  cavity  as  well  as  a 
food-passage.  A  row  of  sac-like  outgrowths,  lying  one  behind  the 
other,  are  developed  in  the  embryo  from  the  mucous  membrane 
and  eventually  unite  with  the  ectoderm,  apertures  being  formed 
to  the  exterior  (Fig.  226,  a).  In  the  septa  between  the  channels 
thus  formed,  the  visceral  arches  are  situated  (cf.  Fig.  63),  and 
along  the  septa  certain  vessels  arise  by  means  of  which  a  continual 
interchange  of  gases  can  take  place  between  the  blood  and  the 
air  contained  in  the  water  passing  through  the  sacs.  In  this 
manner  the  gills  or  branchice  arise.  Even  in  the  Amniota, 
although  gills  are  not  developed,  that  portion  of  the  cavity  of 
the  mouth  and  pharynx  which  lies  behind  the  internal  nostrils 
serves  as  a  common  passage  for  air  and  food  unless  a  proper 
palate  is  formed  (Fi^.  226,  B,  c). 

With  the  formation  of  a  secondary  palate  (p.  132),  the  primi- 
tive mouth-cavity  becomes  divided  into  an  upper  respiratory, 
and  a  lower  nutritive  pmiion — that  is,  into  a  nasal  and  a  secondao-y 
or  definitive  mouth-cavity.  The  separation,  however,  is  never  a 
complete  one,  the  passage  being  common  to  both  cavities  for  a 
certain  region  (phaiyna:),  which  in  Mammals  is  partially  separated 
from  the  mouth  by  a  muscular  fold,  the  velum  palati,  or  free  edge 
of  the  soft  palate  (Fig.  226,  D).^ 

The  alimentary  canal  of  Vertebrates  is  typically  divisible  into 
the  following  principal  sections  (Fig.  227) : — mouth-  or  m^al-cavity, 
phalanx,  gullet  or  oesophagus,  stomach,  and  intestine,  the  last  men- 
tioned being  usually  differentiated  into  a  small  and  a  large 
intestine.  The  small  intestine  is  in  most  cases  the  longest  section 
of  the  alimentary  tract ;  the  bile  and  pancreatic  ducts  open  into 
its  anterior  portion  (duodenum). 

The  large  intestine  communicates  with  a  cloaca,  which  also 
receives  the  urinary  and  genital  ducts,  or  it  may  open  independentl}' 
to  the  exterior.     The  small  intestine  may  be  further  differentiated 

^  In  MuroRnoids,  Dipnoans  and  Lepidosteiis,  a  vewy ret/ mf.^e«^f=ry  is  also  present, 
hut  in  Lepidosteus  it  only  extends  for  a  short  distance  along  the  hinder  part  of 
the  gut. 

^  A  membranous  vehini  palati  exists  in  Crocodiles.  A  median,  finger-like 
process  of  the  soft  palate,  the  uvula,  is  well  developed  only  in  Man  and  some 
Apes. 
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ioto  duodenum,  je/unum  and  ileum,  and  the  large  intestine  into 
colon  and  reduni.  A  blind-gul  or  caxiim  is  often  present  at  the 
junction  of  the  large  and  small  intestine.     Between  the  stomach 


Fill.  -'27  -III.' 


A,  anuR :  Cii,  C/.  Cil,  AHconiling,  traDsvene,  and  descending  portiooa  of  the  colon : 
M,  small  LntesCine  ;  OU.  salivary  slandB;  Gl.th,  thyroid  i  GUky,  thytnaa ; 
Lh,  liver ;  Lg,  lung ;  Mg,  Htoinach  ;  Or,  ii^aophagus ;  Pa,  paDcreaa,  Ph, 
pharynx  ;  Pe,  vermiform  appendix  (ciecuiii} ;  R,  rectam  ;   Vtc,  position  of 

ileo-coiic  valve  ;  Z,  diaphragm. 

and  diiodcnimi,  as  welt  as  between  the  ileum  and  large  intestine, 
there  is  as  a  rule  a  marked  elevation  of  the  miiacniar  coat  serving 
as  a  sphincter  (pyloric  and  ileo-colic  valves).     These  serve  not  only 
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to  prevent  the  food  from  passing  along  the  canal  in  the  wrong 
direction,  but  also  to  retain  it  within  the  same  portion  of  the 
canal  for  a  certain  time.  There  is  also  a  sphincter  muscle  at  the 
anus. 

In  almost  all  cases  the  alimentary  canal  becomes  more  or  less 
coiled,  and  thus  presents  a  greater  surface  for  absorption.  As  a 
general  rule,  it  is  relatively  longer  in  herbivorous  than  in  carni- 
vorous animals.  A  considerable  mcrease  of  surface  also  commonly 
results  from  the  elevation  of  the  mucous  membrane  to  form  folds, 
villi,  and  papillae. 

Certain  appendages  are  also  present  in  connection  with  the 
alimentary  canal.  These  are  all  developed  primarily  from  the 
endoderm  and  are  thus  of  epithelial  origin  :  mesodermic  elements 
are  added  to  them  secondarily.  Whether  serving  as  glands  or 
not,  they  all  arise  in  the  same  manner  as  glands. 

Beginning  from  the  mouth  the  following  appendicular  organs 
of  the  alimentary  canal  may  be  distinguished  (Fig.  227) : — 

(1)  Mucous  and  salivary  glands, 

(2)  The  thyroid. 

(3)  The  thymus. 

(4)  The  swim-bladder  or  lungs. 

(5)  The  liver. 

(6)  The  pancreas. 

In  addition  to  these,  gastrin)  and  intestinal  glands  are  embedded 
in  the  wall  of  the  gut. 


Oral  Cavity. 

In  Amphioxus  and  Cyclostomes  the  aperture  of  the  mouth  is 
surrounded  by  an  oral  hood  or  funnel  supported  by  skeletal  parts, 
which,  in  the  former  and  in  Myxinoids,  is  edged  with  tentacles  or 
cirri:  all  other  Vertebrates  are  provided  with  an  upper  and  a 
lotver  jaw.^ 

Definite  lips  provided  with  muscles  first  appear  in  Mammals, 
and  are  very  varied  in  form.  The  space  between  them  and  the 
jaws  is  spoken  of  as  the  vestilmlum  oi'is ;  this  may  become  extended 
on  cither  side  to  form  cheek-pouches ^  which  serve  as  food  reservoirs 
(many  Monkeys  and  Rodents).^  The  lips,  together  with  the 
cheeks  and  mobile  tongue,  are  important  in  suction,  as  well  as 
in  articulate  speech  (Man).  Monotremes  are  the  only  Mammals 
in  which  they  are  wanting :  in  them  the  jaws  are  covered  by  a 

^  The  mouth  of  the  Lamjprey  serves  as  a  suctorial  organ  for  attaching  the 
animal  to  foreign  objects.  The  larvae  of  Lepidosteus,  PoTypterus,  Lepidosiren, 
Protopterus,  and  Anura  are  temporarily  provided  with  suctorial  organs. 

^  Cheek -pouches,  opening  externally  and  lined  by  hair,  occur  amoDgst 
Rodents  (Geomyida-). 
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tough,   hairless  integument,  and  in  Ornithorhynchus  somewhat 
resemble  the  beak  of  a  Bird. 

The  chief  organs  of  the  oral  cavity  are  the  iceth,  the  glatidi,  and 
the  tongue. 


Teeth. 

The  teeth  are  devcloi>e<l  quite  independently  of  the  ondo- 
skeleton,  and  both  ectoderm  and  mesoderm  take  part  in  their 
formation.  The  first  traces  of  the  teeth  are  seen  primarily  id 
the  fonn  of  superficial  papillce  of  the  mucous  membrane;  but 
secondarily,  owing  to  want  of  space,  the  epithelium  of  the  mouth 
grows  inwards  so  as  to  give  rise  to  a  ihntal  lamina  which  becomes 


/      )   / 


Fio.  228.-^ 


A  Tooth, 


By,  connective  tiuue  follicle  or  sac  surrounding  Iho  tooth;  DS,  ilentine ; 
EM,  epithelium  of  mouth ;  Ma,  ouBiiiel  epilhcliiini ;  O,  odontoblMt* ;  SK, 
dental  Umina  ;  ZK,  dental  papilla. 

Fio.  229.— SEMmudRAiiMATio  FmVKE  of  a  LoNii:Ti:DiSAi.  Skctidn  throuoh 

A  TooTii. 
PW,  aperture  ot  the  pulp-cavitj  ( /'//) ;  Kit.  <lenlinc  :  ZC,  eonient ;  ZS,  enamel. 

enlarged  distally  at  certain  points  to  form  the  so-called  enamel- 
organs.  These,  as  they  grow  deejier  into  the  mesoderm,  become 
bell-shaped,  and  enclose  modified  masses  of  connective  tissue,  the 
dental  papilUz;  the  upper  celts  of  the  papillse,  i.e.  those  next  to 
the  enamel-oi^n,  are  known  as  odontoblasts  (Fig.  228).  The 
epithelial  and  connective  tissue  germs  come  into  the  closest  rela- 
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tion  with  one  another,  and  give  rise  respectively  to  the  calcified 
enamel  with  its  "  cuticula  dentis,"  and  to  the  dentine,  of  which  the 
teeth  are  composed :  the  dentine  consists  of  calcified  hard  dentine 
and  vascular  vaso-dentine.  The  enamel  is  the  harder  and  contains 
little  organic  matter,  and  the  dentine  (ivory)  is  permeated  by  a 
system  of  fine  canals  into  which  delicate  processes  of  the  odonto- 
blasts extend.  A  third,  bone-like  substance,  the  cement^  is  also 
formed  from  the  mesoderm  round  the  bases  of  the  teeth  and 
between  the  folds  of  enamel  when  these  are  present;  it  may 
imite  with  the  bones  of  the  jaw. 

The  root  of  the  tooth,  embedded  in  the  gums,  is  provided  at 
its  lower  end  with  an  opening  leading  into  the  central  pulp-cavity 
(Fig.  229),  containing  the  pulp  of  the  tooth,  which  consists  of  cells, 
blood-vessels,  and  nerves,  and  which  renders  the  tooth  sensitive. 

The  form  of  the  teeth  is  largely  dependent  on  that  of  the 
jaws  and  on  the  mode  of  articulation  of  the  latter,  as  well  as  on 
the  nature  of  the  food.  Functional  adaptation  may  result  in  com- 
plications in  the  relations  of  the  enamel,  dentine,  and  cement,  so 
as  to  produce  a  cutting  or  grinding  surface  of  dififerent  degrees  of 
hartlness,  and  these  modifications  are  generally  more  marked,  in  the 
upper  than  in  the  lower  jaw. 

In  most  Vertebrates  below  Mammals  all  the  teeth  are  essenti- 
ally similar  in  form  (homodont  dentition):  in  Mammals,  on  the 
other  hand,  they  become  differentiated  into  distinct  groups  {hetero- 
dont  dentition),  viz.  into  incisors,  canines,  and  cheek-teeth  or  grinders 
{premolars  and  molars), 

A  succession  of  teeth  takes  place  throughout  life  in  almost  all 
Vertebrates  except  Mammals,  in  which,  owing  to  specialisation,  a 
reduction  in  the  number  of  tooth-generations  has  taken  place,  so 
that  there  are  practically  only  two  functional  sets,  the  so-called 
decidicotcs  or  milk-teeth  and  the  snc^xssional  teeth.  This  difference 
is  expressed  by  the  terms  polyphyodont  and  diphyodont. 

Fishes  and  Amphibians. — The  homology  of  the  teeth  and 
their  similarity  with  the  dermal  denticles  of  Elasmobranchs  have 
already  been  referred  to  (p.  39).  The  most  primitive  form  of  tooth  is 
that  of  a  simple  cone,  but  even  amongst  Plagiostomes,  in  which 
the  teeth  are  arranged  in  numerous  parallel  rows  upon  the  carti- 
laginous jaws,  this  form  has  already  become  modified  in  various 
ways  for  seizing  or  crushing  the  food. 

Of  those  Anamnia  which  possess  a  bony  skull,  four  groups  of 
tooth-bearing  bones  may  in  general  be  distinguished,  viz.  (1)  the 
maxillary  arch  (premaxilla  and  majiilla)  ;  (2)  the  palatal  arch 
{vomer,  ^;a/a^m6,  pterygoid);  (3)  the  unpaired  parasphenoid \  and 
(4)  the  mandibular  arch  {dentary  and  splenial)} 

True  teeth,  with  enamel,  enamel-epithelium,  and  odontoblasts, 

^  Tho  teeth  of  Elasmobranchs  are  comparable  to  those  of  the  palatal  arch 
jand  splenial.     (For  those  of  Holocephali,  cf.  p.  88.) 
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are  wanting  in  Cj^clostomes,  and  are  rypresenUnl  functionally  by 
a  number  itf  conical  horny  teeth,  the  niorpholo^rical  nature  of 
which  has  been  variously  interpreted.  Amongst  cartilaginious 
Ganoida  teeth  are  absent  in  the  adult  Sturgeon,  though  present 
in  the  embryo.  Amongst  Teleostei  they  are  wanting  in  the 
Lophobranchii,  and,  except  in  very  early  stages,  in  Coregonus. 

In  bony  Ganoida  and  Teleosts.  teeth  may  be  present  on  all  the 
bones  bounding  the  oral  cavity,  as  well  as  on  the  hyoid  and  tho 
branchial  arches  ("pharyngeal  bones.")  In  tho  latter  position,  as 
well  as  on  the  parasphenoid.  they  often  form  brush-like  groups. 
In  form  the  teeth  may  be  cylindrical,  conical,  hooked,  or  chisel- 
shaped  {Scarus,  Sarginm);  in  some  forms  they  give  rise  to  a 
definite  pavement,  are  rounded  in 
form,  ana  serve  to  crush  the  food ; 
in  others,  again,  they  are  delicate  and 
bristle-like  (Chtetodon),  or  sabre- 
shaped  (Chauliodus). 

In  the  Dipnoi  (Fig.  71)  the  teeth, 
which  are  wanting  in  enamel  (though 
an  enamel  organ  is  present  in  tne 
embryo  Lepidosiren),  are  exceedingly 
massive,  presenting  sharp  edges  and 

EKiints :  they  have  probably  arisen 
ly  the  concrescence  of  a  number  of 
individual  teeth.'  More  imrticuiarly 
in  Cerato<ius,  the  origin  of  the  vomer, 
palatoptervgoid,  and  dental  plates  of 
the  mandible  Irom  a  fusion  of  the 
bony  basal  portions  of  the  teeth  is  Fi.i,2.m-KKULi.oF  Ba/ror/,o«,« 
-  1   _.       _  1   iL  i_       i_      _       n«e)iiHi(Mii.     From  the   vuiiti'&l 

very  evident,  and  the  same  has  been  ^^,y^  Bhowing  the  teeth  on  the 
shown  in  the  case  of  the  Amphibia.      inrBBplicnQiil. 

In  the  Amphibia  there  is  in 
general  a  considerable  diminution  in  the  number  of  teeth 
as  compared  with  Fishes ;  and  at  the  same  time  a  much 
more  uniform  character  is  noticeable  in  their  fonn  through- 
out (Fig.  231,  A,  B).  They  are  conical,  enlarged  below,  and 
rest  on  a  definite  base,  while  above  they  become  narrower  and 
slightly  curved,  ending  either  in  a  double  (Myctodera,  Annra),  or 
a  single  apex  (Perennibranchiata,  Derotremata,  Oymnophiona) ;  the 
latter  is  the  more  primitive  condition.  The  teeth  lie  deeply  em- 
bedded in  the  mucous  membrane,  and  arc  present,  as  a  rule,  on  the 
preniaxilla,  maxilla,  and  mandible  (except  in  Anura),  as  well  as  on 
the   vomer   and  palatine,  but  rarely   on    the   iwrasphenoid  (e.g. 

<  There  are  no  initicntinnH  of  a  succession  of  teeth  in  the  Dipnoi.  In 
I'nitDulLTiiH  the  teeth  nro  covcnxl  by  tin  epithelial  horny  layer  during  the  (orpiil 
iK'riuir  The  formation  of  uomplux  teeth  hy  concresceni^  \*  apparently  not  «> 
rrui|uent  nmnngHt  Veiteliratcs  as  was  fiinnerly  Hupixincil.  anil  docs  not  apply,  t.y. 
to  those  of  various  KtoBinobranc-hs,  of  Labyrintiiodonts,  IchthyosauriaDa,  and 
probably  also  to  the  mammalian  niularti. 


316 


COMPARATIVE  ANATOMY 


Spelerpes,  Plethodon,  Batrochoseps,  Fig.  230) ;  in  the  larvte  of  Sala- 
manders and  in  Proteus  the  splenial  of  the  lower  jaw  is  also 
toothed.  Homy  teeth  and  hmny  jaws  are  present  in  larval 
Aniira  (except  Xenopus),  and  similar  structures  occur  in  Siren 
lacertina.  Teeth  are  altogether  absent  in  the  Bufonidfe  and  in 
Pipa. 

The  teeth  of  certain  of  the  Stegocephali  (Labyrinthodonta) 
were  extremely  complicated,  the  enamel  forming  numerous 
corrugated  folds  extending  from  the  periphery  towards  the 
centre. 

Reptllei  and  Birds. — Corresponding  with  the  greater  firm- 
ness of  the   skull   in   Reittiles,  the   teeth   are   usually  strongly 


Fifi.  231,  A— Tooth  c 

At,  maxilla  ;   PH,  pulp-cavity  ; 


T  Frou,  ttiid  B — OF  Salamandra  aim. 
RF,   circular  turrc)w ;   S,  apex,  covered  with 


developed,  and  may  be  more  highly  differentiated  than  in  Amphi- 
bians. They  are  either  situated  upon  a  ledge  on  the  inner 
side  of  the  lower  jaw,  with  which  their  bases  become  fused 
(plcnrodont  dentition — most  Lacertilia);  or  they  lie  on  the  free 
upper  border  of  the  jaw  {acrodont  dentition — Chameleon);  or 
finally,  as  in  Crocodiles  and  numerous  fossil  Reptiles,  they  are 
lodged  in  alveoli  {thecodont  dentition)  (Fig-  232).  Both  upper 
and  lower  jaws,  and  occasionally  the  [wlatine  and  pterygoid  also, 
are  toothed  (Lizards  and  Snakes) :  and  in  Hatteria,  vomerine 
teeth  may  also  be. present.  The  teeth  are  usually  conical,  more  or 
less  pointed  (Fig.  232,  B).  and  often  long  and  recurved,  for  seizing 
the  prey  {e.g.  Snakes) :  in  Lizards  the  apex  may  be  double,  and 
in  many  Reptiles  (e.g.  Uromastix  spinipes,  Agamie,  and  c 
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fossil  Torms)  a  hctorodont  dentition  appears  to  be  indicated.'  In 
spite  of  the  great  modifications  which  have  taken  place  in  the 
palate  of  Croo(xliIea,  their  toeth,  which  have  a  conical  form,  show 
the  least  amount  of  difTercntiation  in  the  course  of  their  phylo- 
genetic  histor}'.  Almost  all  Kei)tiles  arc  polyphyodont,  but  in  some 
cases  certain  of  the  teeth  are  not  replaced  (e.g.  Agama  colonorum), 
and  in  others  some  of  them  imdergo  reduction  {e.g.  Typhlopidte). 

In  poisonous  Snakes  a  varying  number  of  maxillary  teeth  are 
differentiated  to  form  poison-fangs,  which,  like  those  of  the  lower 
jaw  of  the  poisonous  Lizani,  Heloderma,  are  longitudinally  grooved 
anteriorly.  In  the  VijHirine  forms  there  are  on  each  side  a 
number  of  poison-fangs  arranged  in  rows ;  the  stronger  ones  project 


;  Transvkrne  Skctjons  tiikoitiiu  thb  Jaws  or 
Reptiles,  snoutNii  Pi.EOH0t><>NT  (n),  Aihoixint  {b),  and  Thecodont  (c) 
Ubntitions  B,  (I.  Lower  Jaw  uv  Zoolixa  riiipiira,  and  b,  or  A«i/ui» 
JragtliM.    (After  Lojdig. ) 

freely,  while  the  lesser,  reserve  teeth  lie  within  the  gum  (Fig, 
233,  a);  only  one  of  these  teeth,  however,  is  firmly  fixed  to  the 
maxilla  at  a  time,  E^h  fatig  is  perrurated  by  a  poison-canal 
funned  by  the  meeting  of  the  edges  of  the  longitudinal  groove, 
and  is  incompletely  surrounded  by  the  pulp-cavity,  the  latter 
having  the  form  of  a  half-ring  in  transverse  section  (Fig.  233, 
B,  c):  the  duct  of  the  poison-gland  passes  into  an  aj)erture  at 
the  base  of  the  tooth  which  leads  into  the  {>oison-canal,  and  the 
latter  opens  by  a  slit  at  a  shoi't  distance  from  the  apex  of  the 
tooth  on  the  premaxilla  (Fig.  233,  a).» 

'  The  teeth  of  Hiitttrt&  aro  at  flnt  aimple  in  form  and  their  attach meiit  is 
acroilont ;  the  ap)Hirunt  helerudont  cuoilition  in  the  adult  ia  due  to  the  fusion  of 
more  than  one  generation  of  teeth  to  the  bone,  which  eniitracea  thcni  baaally  and 
grows  dowD  Iicyutid  tlie  guma.  In  this  animal,  the  vurnerine  teeth  are  in  the 
course  of  supproision ;  they  are  usually  abaeiit,  but  niay  occur  on  one  or  bolii 
vomera.  Functionlcaa  teetli  are  present  in  the  embryo  which  later  disappear, 
and  the  asme  is  true  of  Crocodilug  porosus  and  Iguana  tuberculata, 

'  A  peculiar,  broad,  lancet-like  tooth,  originally  paired,  is  present  in 
embryos  of  Lizards  and  some  l^naltes.  It  projects  cunaiderably  beyond  its 
neighbours  in  the  intsdian  line  of  the  snout,  and  serves  the  young  ae  a  m^Uia  of 
breaking  through  the  parchment-like  egg-shell.  This  itiust  not  be  confounded 
with  the  analogous  itructure  present  in  Rana  opiBthodDn  or  with  the  horny 
"  neb ''  ill  Hatteria,  Crocodiles,  Chelonians,  Kirns,  and  Monotremes,  which  is 
purely  of  an  epithelial  nature. 
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Choloniana,  like  existing  Birds,  arc  provided  with  homy  sheaths 
to  the  jaws  instead  of  teeth.  The  presence  of  teeth  in  the  enibt^o 
of  Trionyx,  as  well  as  of  a  vestigial  dental  lamina  in  embryos  of 
Chelono  and  certain  Birds,  proves,  however,  that  this  is  only  a 
secondary  condition.  Moreover,  in  the  Cretaceons  Birds  of 
N,  America  (Odontornit/tfa)  teeth  were  prpscnt,  and  were  either 
situated   in   definite  alveoli   (Ichthyomis),   or  simply  in  grooves 


Fio.  233.— Potsos-FANds 


A ,  Mkiill  of  Rattlcfliiftke  ;  B,  transverse  section  thrangh  about  the  middle  of  the 
puieonfang  of  Vijitra  nminodytfii ;  C.  transverse  section  tbroush  the  polMn- 
lung  of  Vijiei-a  ammodylta  near  ila  distal  eniL     (B  and  C  after  Lejdig.) 

OC,  poison-CBiial ;  Oz,  poiaun-fang  ;  PII,  pulp-cavity  ;  Rz,  reserve  fangs. 

(Hesperornis).  The  premaxilla>  were  toothless,  and  seem  to  have 
possessed  a  horny  beak.  The  single-pointed  teeth  of  Archipopteryx 
were  probably  situated  in  alveoli. 


Mammali. 

In  Mammals,  a  shortening  of  the  jaws,  which  results  in  an 
increase  in  their  power  and  a  diminution  in  the  number  of  teeth, 
has  taken  place  along  with  a  higher  difFerentiation  of  the  individual 
tooth  and  a  reduction  in  the  number  of  tooth-generations.  The 
heterodont  condition  which  characterises  Mammals,  as  a  whole, 
has  arisen  from  a  more  primitive  homodont  condition,  and  the 
teeth  have  become  adapted  in  various  ways  in  corresijondence  with 


TEETH  319 

the  method  of  taking  in  and  biting  or  masticating  various  kinds 
of  food.  The  friH]uent  presence  of  vestigial,  fimctionless  teeth 
shows  that  a  diminution  in  number  has  taken  place  in  the  course 
of  time,^  and  such  reduction  is  more  marked  in  the  lower  than  in 
the  upper  jaw.  An  iucR»iuse  in  number,  on  the  other  hand,  such 
as  is  met  with  in  Toothed  Whales,  is  due  to  a  secondary  differentia- 
tion, during  ontogeny,  of  primarily  multicuspidate  teeth,  and  the 
homodont  dentition  and  conical  form  of  the  teeth  in  these 
Mammals  is  therefore  a  specialised  and  not  a  primitive  condition. 

As  already  mentioned,  the  succession  is  nearly  always  limited 
to  two  functional  sets,  the  so-called  d4:ciduoics  or  TntVi- teeth,  and 
the  siiccessicnuil  or  permanent  teeth,  and  in  many  cases  even  one  of 
these  may  be  vestigial.^  The  milk-teeth  represent  a  historically 
older  generation  than  the  successional  teeth  :  they,  however,  show 
numerous  adaptations  and  modifications,  and  may  even  be  retained 
in  the  adult  pennanently  {e,g.  Marsupials)  or  for  a  considerable 
time  {e,g,  Chrysochloris,  certain  Centetidaj).  Traces  of  a  still  earlier 
set  occasionally  occur — most  frequently  and  distinctly  in  the  more 
primitive  orders  {eg.  Marsupials,  Insectivores,  Rodents):  this  may 
be  spoken  of  as  a  prelacteal  dentition.  As  occasionally  also  certain 
teeth  appear  which  replace  the  corresponding  "permanent"  teeth, 
indications  of  at  least  four  sets  can  be  recognised  in  Mammals.' 

In  each  of  the  two  functional  sets,  incisors,  canines^  and  cheek- 
teeth or  grimlerSy  can  as  a  general  rule  be  distinguished.  The  teeth 
which  replace  the  milk-grinders  are  distinguished  as  jn^^^olars ; 
the  molars  are  situated  further  back  in  the  jaw  and  have  no  pre- 
decessors.* The  latter  may  therefore  be  considered  as  belonging 
primarily  to  the  milk-series;  or  more  probably  they  arise  from 
germs,  which,  owing  to  an  abbreviation  of  development,  really 
represent  more  than  one  set. 

All  the  teeth  are  embedded  in  well-developed  alveoli  of  the 

^  The  lant  molar  of  Man,  or  so-caned  **  wisdom -lootli,'*  for  instance,  seems  to 
be  gradually  disappearing  ;  it  ap{R>ar8  laHt,  is  UHiially  lost  first,  and  often  does  not 
reach  the  grinding  surface. 

'^  Thus  in  the  Hfnlgehog,  which  presents  an  intermediate  stase  between  the 
diphyodont  and  monophyo<lont  conditions,  and  also  in  the  Mole  and  certain 
Rodents,  the  milk -dentition  is  partially  reduced.  In  Scalops  and  Ck>ndylura  also 
most  of  or  all  the  milk-teeth  become  absorbed  without  cutting  the  gum,  and  a 
similar  condition  is  seen  in  the  Pinnipedia,  in  which,  however,  they  may  not  be  shed 
until  shortly  after  birth.  Thus  tlie  succession  may  take  place  in  the  fcvtus, 
so  that  the  milk-teeth  are  functionlcss.  This  is  also  the  case  in  certain  Bats, 
while  in  others  the  milk-teeth  may  be  retained  in  order  to  hold  the  young  fast  to 
the  teats,  and  they  thus  form  an  mteresting  example  of  the  retention  of  organs 
owing  to  a  change  of  function. 

'  Thus  the  polyphyo<lontism  of  the  lower  Vertebrates  is  replaced  in  certain 
Reptiles  by  an  oligophyodont  condition,  and  this  again,  by  the  diphyodontism 
of  Mammals,  which,  by  higher  differentiation  of  the  individual  teeth,  may  lead  to 
a  monophyodont  condition. 

*  It  must,  however,  be  remembered  that  in  some  cases  the  so-called  premolars 
have  no  predecessors,  and  therefore  apparently  belong  to  the  milk-dentition. 
Moreover,  in  Toothed  Whales  the  persistent  "milk-teeth"  are  said  to  include 
representatives  of  an  earlier  and  a  later  generation,  and  the  same  applies  to 
the  Manatee. 
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jnw-bones,  the  upper  incisors  being  situated  in  the  pi-oTnaxilk'.  tlic 
upper  cunines  and  cheek-teeth  in  the  niaxi!Ia%  iind  the  kiwer  teeth 
in  the  dentary.      The   canine,  which   con-eaponds  to  a  specially 


Fin.  234,  A.-Tebth  of  Dcwi  iCanu  famaiai-ie).     The  teolhof  both  jaws  jj| 
the  aide,  and  IboHc  ot  the  upper  jnw  from  below. 


differentiated  premolar  and  is  most  chamcteristicalty  devel9_ 
Id  Camivoia,  is  approximated  to  the  incisors  and  forms  a  more 
less  continuous  sei-ies  with  them.     The  prenioliii-s  tbilow  1 
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the  caDiDe,  the  space  often  existing  between  them  being  called  the 
^iattema,  and  then  come  the  molars.  The  primary  arrangement 
of  the  teeth  is  snch  that  there  is  an  alternation  between  those  of 
the  upper  and  lower  jaw :  thus  the  teeth  in  one  jaw  do  not  usually 
correspond  in  position  with  those  of  the  other,  but  with  the  inter- 
spaces between  them. 

In  some  cases  the  enamel-organ,  with  its  dental  papilla,  persists 
in  all  the  teeth,  which  then  continue  to  grow  throughout  life 
(e.^.  Z^epus);  in  others  this  is  true  of  the  incisors  only  (e.g. 
Elephant,  numerous  Rodents,  Fig.  237)  ;  but  more  usually  growth 


ceases  after  a  certain  time,  and  the  teeth  then  form  definite /an^g 
or  roots,  perforated  by  a  small  canal  communicating  with  the  reduced 
pulp- cavity. 

The  incL9ors  are  usually  chisel -shaped,  while  the  canines,  in 
those  cases  where  they  are  most  cnaracteristically  developed 
(Camivora),  possess  a  pointed,  conical  form,  and  are  more  or  less 
curved.  The  cheek-teeth  either  have  sharp,  cutting  crowns 
{secodont,  e.g.  Camivora),  or  may  posaiiss  infoldings  of  the  enamel, 
or  tubercles,  the  crowns  being  broad  and  more  or  less  fiat,  and 
adapted  for  grinding  the  food.  If  the  tubercles  are  conical,  the 
tooth  is  described  as  bunodoTit  {e.g.  Pig,  Hippopotamus),  and  if 
crescentic,  selenodont  (e.g.  Horse,  Ruminants) :  m  these  coses  the 
relations  of  the  enamel,  dentine,  and  cement  are  such  as  to  produce 
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an  uneven  surface  with  wear,  showing  a  chaa-acteristic  piittern  in 
the  different  groups  (cf.  Figs.  234-236). 

The  relations  and  number  of  the  tubercles,  as  well  us  the  form 
of  the  teeth  in  general,  are  of  great  importance  in  elucidating  the 
ancestral  history  of  the  Mammalia,  and  attempts  have  been  made 
to  trace  the  evolution  of  the  various  forma  of  molar  met  with  in 
the  Class.  According  to  one  view,  the  tuberculated  molar  has  arisen 
by  the  grndual  modification   of  a  single  conical  tooth,  which  has 


yaxalU  larval a^). 


produced  lateral  outgroivths  or  buds,  Thus  taking  a  simple  cooi 
form  OS  the  most  primitive  type  of  mammalian  tooth,  we  find  t 
certain  extinct  Mammals  {e.g.  Triconodoii)  possessed  teeth  with  a 
main  cone  and  two  lateral  cusps.  It  has  been  supposed  that  the 
more  complicated  forms  have  been  derived  from  this  triamodont 
tooth — firstly  by  a  rotation  of  the  lateral  cusps  outwards  in  the 
upper,  and  inwards  in  the  lower  one,  thus  fonning  a  tntuhercular 
tooth,  with  three  cusps  arranged  in  a  triangle;  and  secondly  by 
the  addition  of  accessory  cusps  (the  first  to  appear  being  the 
posterior  heel  or  talon),  as  well  a3  of  connecting  ridges.' 

'  According  to  another  hypotheais,  the  mummalmn  cheek-teeth  were  primarily 
multi tubercular,  having  originated  by  the  fusion  of  a  niimher  of  aimpio  couioal 
teeth  ;  and  certain  foots  iu  their  ilevelopiueat  aud  the  presence  of  matlilnber* 
culate  Mammals  in  the  Triaasic  rocke  indicate  that  in  soma  oaae*,  at  aoy  rate, 
tbev  mar  have  become  evolved  in  \.\\\t  kmoosx. 


TEETH 


323 


The  Marsupials  form  a  marked  contrast  to  those  Mammals  re- 
ferred to  on  p.  319  in  which  the  milk-dentition  has  undergone  re- 
duction, for  in  them  there  is  only  one  functional  successional  tooth, 
the  fourth  premolar,  all  the  others  belonging  to  the  milk  series. 
Bud-like  enamel-germs  occur,  however,  near  all  the  persistent 
teeth  anterior  to  the  third  molar,  and  these  must  be  looked  upon 
as  rudiments  of  potential  teeth  and  not  as  vestiges  which  have 
become  functionless. 

In  Omithorhynchus,  in  which  there  are  indications  that  two 
dentinal  series  are  represented,  the  three  multitubercular  teeth 
present  on  either  side  of  the  upper  and  lower  jaws  become  replaced 
functionally  after  a  time  by  the  development  of  homy  masticatory 


Fig.  237.— Outline  of  the  Skull  of  Geomys,  showing  the  Relations  of  the 

Teeth  (after  V.  Bailey). 
i,  incisors  (which  in  Rodents  correspond  to  the  second  incisors  of  other  Mammals) ; 

p*t  premolars  ;  m,  1,2  3,  molars. 

1)lates,^  and  in  Echidna  they  are  wanting  altogether,  the  dental 
amina  undergoing  reduction  at  an  early  stage.  Adult  Whalebone- 
Whales  and  certain  Edentates  (M}nrmecophara,  Manis)  are  toothless, 
but  vestiges  of  teeth  occur  in  the  embryo.  In  other  Edentates  the 
teeth  are  wanting  in  enamel.  Canines  are  absent  in  certain 
Mammals  (e,g.  Rodents),  and  the  incisors  may  also  be  wanting.  In 
the  typical  Ruminants  functional  incisors  and  canines  are  present 
in  the  lower  jaw  only,  though  tooth-vestiges  occur  in  the  pre- 
maxillary  region  of  the  embryo  and  occasionally  upper  canines  persist 
in  the  adult.* 

^  Homy  cnishing  plates  are  also  present  in  the  Sirenia,  the  existing  forms  of 
which  possess  numerous  teeth,  while  the  extinct  Rhytina  was  toothless. 

^  In  the  Manatee,  the  dentition  is  very  peculiar.  Traces  of  incisors,  canines, 
and  premolars  occur  in  the  embryo,  but  the  adult  possesses  molars  only,  which 
undergo  a  constant  succession  from  behind  throughout  life  as  the  anterior  ones 
are  pressed  forward  and  fall  out ;  there  may  be  as  many  as  8 — 10  functional  at 
the  same  time.  In  the  Elephant  there  is  also  a  similar  suooession  of  molars,  but 
it  is  here  limited  to  six. 
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Sexual  differences  in  dentition  exist  in  a  number  of  Mammals. 
Thus  in  Apes  the  canines  and  first  premolars  are  more  strongly 
developed  in  the  male  than  in  the  female.  In  the  male  Wild  Boar, 
Narwhal  (Monodon),  Dugong  (Ebilicore),  and  Musk-deer  a  modifi- 
cation of  certain  of  the  teeth  (the  canines  or  the  incisors)  to  form 
tusks  occurs,  and  these  serve  as  fighting  weapons.  In  the  Elephant 
and  Walrus  tusks  are  present  in  both  sexes :  in  the  former  they 
correspond  to  incisors,  and  in  the  latter  to  canines.  In  Elephas 
antiquus  they  were  relatively  enormous. 

In  describing  the  teeth  of  a  Mammal  it  is  convenient  to  make 
use  of  a  dental  formtUa  in  which  their  number  and  arrangement 
can  be  seen  at  a  glance,  the  teeth  of  one  side  only  being  repre- 
sented. Thus  the  adult  dental  formula  of  those  animals,  the  teeth 
of  which  are  represented  in  Figs.  234  to  237,  would  be  : — 

Fig.234,ADog.|:-J-^i-:2  =42 

„    234,  B  Hedgehog  |  '.  \  .  |  .  |  =36 


W 


>» 


»> 


235.  Sheep,  0-:  J^3-:|  =32 

236.  Catarrhine    Monkey,  |-ll-ll_^==32 

237.  Geomys,  ^'^'  ^— ^  =20 

•^  '  1  •  0  •  1  •  3 


The  most  complete  dentition  is  seen  amongst  Marsupials,  the 

dental  formula  of  Myrmecobius  beiner    - — - — - —    or  y     ko k± 

^  '^31-3-5or6    ""^^"^ 

3  •  1  •  4  "  3 
The  more  typical  arrangement  is  _  ^  ^  ^  =  44. 


Glandi  of  the  Month. 

The  glands  of  the  mouth,  like  those  of  the  orbit  and  integu- 
ment, appear  first  in  terrestrial  Vertebrates,  that  is  firom  Am^d- 
bians  onwards.^  They  have  the  function  of  keeping  moist  the 
mucous  membrane  which  comes  into  contact  with  the  outer  air. 
From  being  at  first  almost  entirely  unspecialised,  and  giving  rise 
simply  to  a  slimy  fluid,  they  become  differentiated  later  into 
structures  the  secretions  of  which  take  on  a  veiy  important  function 
in  relation  to  digestion ;  they  may  also,  as  in  the  case  of  poisonous 
Snakes  and  Lizards,  constitute  dangerous  weapons  of  offence. 

*  A  paired  glandular  organ  (so-called  **  salivary  gland ")  is  praeent  in 
Petromyzon  between  the  muuth  and  first  pair  of  giU  apertures,  towardB  the 
ventral  side.  It  is  surrounded  by  muscles,  apparently  produces  a  ^tty  aecretioo, 
and  open£  into  the  mouth. 
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With  their  increasing  physiological  importance  a  greater 
morphological  complication  both  as  regards  number  and  arrange- 
ment takes  pl^e.  Their  histological  character  also  undergoes 
changes,  so  that  the  most  varied  forms  of  glands  may  be 
recognised. 

Amphibians. — With  the  exception  of  the  Perennibranchiata 
Derotremata,  and  Gymnophiona,  a  tubular  gland  becomes  developed 
in  all  Amphibia  from  the  anterior  portion  of  the  roof  of  the  mouth 
(cf  Fig.  193),  the  main  mass  of  which  in  Urodeles  lies  in  the  cavity 
of  the  nasal  septum  or  premaxilla  {intermaxUlartf  or  intemasal 
gland).  In  Anura  its  position  is  more  anterior  than  in  the  Urodela, 
and  it  is  more  largely  developed ;  but  in  both  cases  the  ducts  open 
into  the  anterior  part  of  the  mouth.  In  Anura  there  is  a  second 
gland  (pJiaiyngeal  gland)  present  in  the  region  of  the  internal 
nostrils,  the  secretion  of  which  passes  partly  into  the  latter  and 
partly  into  the  pharynx.  Numerous  gland-tubes  are  also  present 
in  the  tongue  of  Amphibians,  and  in  the  Gymnophiona  oral  glands 
are  abundant. 

Reptiles. — The  oral  glands  in  Reptilia  show  an  advance  on 
those  of  Amphibia  in  being  separatee!  into  groups.  Thus  not 
only  is  there  a  palatine  gland,  homologous  with  the  intermaxillary 
gland,  but  lingual^  and  mhlingual,  as  well  as  upper  and  lower 
labial  glands  are  present.  Chameleons  and  Snakes  are  distin- 
guished by  a  remarkable  richness  in  glands,  which  are  most 
specialised  into  definite  groups  in  the  latter. 

In  poisonous  Snakes  the  poison-gland  becomes  differentiated 
from  a  portion  of  the  upper  labial  gland.  It  is  tubular  in  stnicture, 
is  enclosed  in  a  strong  fiorous  sheath,  and  is  acted  upon  by  powerful 
muscles,  so  that  its  secretion  can  be  poured  with  great  force  into 
the  duct  and  thence  into  the  poison-fang  (Figs.  233  and  238). 
The  sheath  of  the  poison-gland  is  formed  by  a  pocket-like  enlarge- 
ment of  the  zygomatic  ligament,  and  is  compressed  by  the  muscles 
of  the  jaws.  When  the  Snake  strikes,  the  lower  jaw  is  depressed 
to  its  fullest  extent  and  the  quadrate,  pterygoid,  palatine,  and 
transpalatine  are  pushed  forwards  by  the  contraction  of  the 
posterior  pterygo-sphenoid  and  pterygo-parietal  muscles,  thus 
causing  the  maxilla  to  move  on  its  articulation  with  the  prefrontal 
and  to  erect  the  fang.  The  upper  jaw  is  again  brought  into  its 
position  of  rest  by  the  contraction  of  the  anterior  pterygo- 
sphcnoidal  and  transverso-rnaxillo-pterygo-mandibular  muscles. 

The  sublingual  gland  of  a  Mexican  Lizanl,  Heloderma,  is  also 
of  poisonous  nature.  The  secretion  passes  out  through  four  ducts, 
which  perforate  the  Iwrnes  of  the  lower  jaw  in  front  of  the  grooved 
teeth  (p.  317). 

*  In  Lacerta,  Anguis,  and  Pscudopus  there  are  numerous  depressions  of  the 
lingual  epitheUum  lined  by  gohlet  cells,  which,  however,  are  not  differentiated 
into  definite  compound  glands. 
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In  marine  Chelonians  and  Crocodiles  there  are  no  large  glands 
united  into  groups  connected  with  the  mouth,  but  in  Testudo 
gneca  there  are  well  developed  suhUugual  glands. 


FtaygotjAeteiMii 


'Srs?- 


PttrygotpKmoidalU  pott 


Fta.  238.— Head  of  thk  Vipkh  (after  Katheriner}. 
A,  from  the  left  side ;  the  integument,  Eygomatic  ligament,  poison  ■gland,  jaw- 
musclefl.  and  palatine  and  pterygoid  teeth  are  not  indicated.     B,  left  aide 
from  betow  ;  llie  nmsclea  of  the  jaw  are  cut  through  transveniely,  and  part 
of  the  sheath  of  the  poison -gland  it  slit  open. 

Birdi.  —  In  Birds,  and  more  especially  in  climbing  Birds 
(Scansores),  a  well-developed  lingual  gland  is  present  opening  on 
the  floor  of  the  mouth,  and  another  at  the  angle  of  the  latter. 
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There  is  no  doubt  that  the  lingual  glands  are  to  a  great  extent 
homologous  with  those  of  Lizards,  but  it  is  not  known  whether 
the  gland  at  the  angle  of  the  mouth  corresponds  with  the  posterior 
upper  labial  gland  of  Reptiles — that  is,  to  the  poison-gland  of 
Snakes.  The  median  palatine  glands  of  Birds  are  not  homologous 
with  those  of  Reptiles,  and  labial  glands  are  wanting.  The  lingual 
glands  are  supplied  by  the  glossopharyngeal,  the  others  by  the 
trigeminal. 

Mammali. —Three  larger  sets  of  salivary  glands  which  have 
become  secondarily  separated  from  one  another  may  be  distin- 
guished in  connection  with  the  mouth  in  Mammals:  these  are 
called,  according  to  their  position,  (1)  parotid^  (2)  submdxillary, 
and  (3)  sublingual.  Each  of  the  two  former  opens  into  the 
mouth  by  a  well-defined  duct,  that  of  the  sublingual  having 
several  independent  ducts.  A  special  retrolingual  portion  usually 
becomes  differentiated  from  the  sublingual  gland  and  commu- 
nicates with  the  submaxillary  duct.  They  all  have  a  tubular  or 
tubulo-alveolar  structure.^ 

The  parotid  is  usually  situated  at  the  base  of  the  external 
ear.  The  submaxillary  is  a  compound  mucous  and  serous  gland, 
consisting  of  elements  which  differ  from  one  another  histologically : 
it  lies  beneath  the  mylohyoid  muscle,  close  to  which  the  retrolingual 
gland  is  also  situated :  the  latter  is  wanting  in  only  a  few  Mammals 
(e.g.  Rabbit,  Horse).  The  sublingual  gland  extends  between  the 
tongue  and  the  alveoli  of  the  teeth,  and  is  rarely  absent  (e,g. 
Mouse,  Mole,  Shrew). 

With  the  exception  of  the  parotid,  the  homology  of  which  is 
not  clear,  all  these  glands,  together  with  certain  smaller  and  less 
important  ones  (buccal,  lingual,  palatine,  and  labial  glands),  are  com- 
parable to  the  oral  glands  of  lower  Vertebrates.* 


8 


Tongue. 

Fishes. — The  tongue  is,  rudimentary  in  Fishes,  and,  as  a  rule, 
is  simply  represented  by  a  fold  of  mucous  membrane  covering  the 
basi-hyoid,  which  in  all  the  higher  Vertebrates  serves  as  a  point  of 
origin  for  many  of  the  lingual  muscles.  Except  in  Cyclostomes, 
where  it  has  to  do  with  tne  suctorial  or  boring  apparatus,  the 

^  In  some  Mammals  (e.g.  Lepus)  there  is  also  an  infraorbilcU  or  zygomatic 
Mlivary  gland,  covered  by  the  zygoma  and  extending  into  the  orbit,  its  duct 
opening  anteriorly  to  that  of  the  parotid.  Halivary  glands  are  wanting  in  the 
Ostacea. 

^  The  mucous  glands  are  phylogenetically  older  than  the  serous  glands,  and 
their  essential  function  is  merely  to  moisten  the  food.  The  serous  glands  have  to 
a  greater  or  less  extent  become  differentiated  into  an  apparatus  for  producing  a 
secretion  oontainins  enzymes  and  acting  chemically  on  tne  food. 

*  For  the  papiUe  uf  the  tongue,  cf.  p.  254, 
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tongue  of  Fishes  is  not  capable  of  movement  apart  from  the 
visceral  skeleton,  and  is  wanting  in  a  proper  musculature.  It  is 
provided  with  papillae  and  serves  only  as  a  tactile  organ,  or,  when 
provided  with  teeth  {e,g,  certain  Teleosts,  Fig,  69),  as  a  pre- 
hensile organ  also.  In  Dipnoans  the  tongue  is  not  more  highly 
differentiated  than  in  many  other  Fishes. 

Amphibians. — In  Perennibranchiata  and  young  larvae  of 
Myctodera  the  tongue  is  very  similar  to  that  of  Fishes,  and  is 
comparable  only  to  a  small  posterior  and  median  part  of  the 
definitive    tongue    of   the    latter  group:    the    larger,  anterior, 

glandular  part  is  a  new  forma- 
tion, and  is  not  represented  in 
Fishes. 

The  definitive  tongue  is  very 
similar  in  many  Uroideles  and 
Anurans,  although  various  dif- 
ferences are  seen  in  its  mode  of 
development  in  the  two  groups. 
Thus  in  Anura  the  primitive 
tongue  persists  for  a  much 
shorter  time,  and  is  connected 
on  the  floor  of  the  mouth  with 
the  more  anterior,  larger,  second  • 
ary  part  in  a  different  way;  the  muscles  are  earlier  developed 
and  more  numerous,  and  the  glands  appear  very  late.  In  c^eneral 
the  tongue  is  more  highly  differentiated  in  Anurans  tnan  in 
Urodeles  in  consequence  of  functional  adaptation  connected  with 
catching  the  prey.^ 

The  surface  of  the  tongue  is  velvet-like,  owing  to  the  numerous 
papillae,  and  its  mobility  varies  greatly  in  the  different  forma  It 
IS  usually  attached  only  by  the  anterior  end  (Fig.  239)  or  by  a 


Fio.  239.— Figure  showing  the 
Tongue  of  the  Frog  in  Three 
Different  Positions. 


Fig.  240. — Head  of  Spelerpesftiscus,  with  the  Tongue  Extendkd. 

portion  of  its  ventral  surface :  in  other  cases  it  is  free  all  round, 
and  in  Spelerpes  (Fig.  240)  is  capable  of  being  extended  far  out 
of  the  mouth  by  means  of  a  complicated  mechanism. 

Reptiles. — The  tongue  of  Reptiles  reaches  a  much  higher 
stage  of  development  than  that  of  Amphibians.      As  in  them,  its 

*  The  rapid  movements  of  the  Frog's  tongue  are  effected  by  the  genioglossuB 
and  hyoglossus  muscles,  the  former  acting  as  a  protractor  and  the  latter  as  a 
retractor,  while  the  intrinsic  muscles  are  responsiole  for  gripping  the  prey.  In 
the  Aglossa  (Pipa  and  Xenopus)  the  tongue  has  undergone  degeneration. 
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main  part  arises  anteriorly  to  the  primitive  larval  tongue  from  an 
originally  independent  region  lying  between  the  lower  jaw  and 
basihyoid,  and  known  in  the  Amniota  as  the  tuberculuvi  impar. 
To  this,  however,  are  added  portions  belonging  to  the  region  of  the 
median  part  of  the  hyoid  and  part  of  the  first  branchial  arch,  as 
well  as  extensive  lateral  ridges  belonging  to  the  mandibular 
region,  and  this  fact  accounts  for  the  presence  of  an  additional 
lingual  nerve — a  branch  of  the  third  division  of  the  trigeminal — 
which  is  wanting  in  Amphibians.  The  tongue  is  provided  with 
numerous  sensory  organs,  but  no  glands  are  present  within  it. 
It  is  usually  very  mobile  (least  so  in  Chelonians  and  Crocodiles), 
and  part  of  it  may  be  enclosed  by  a  "  sheath  "  (Fig.  241). 
In  form  and  relative  size  it  is  much  more  variable  than  in 
Amphibians,  and  this  is  especially  the  case  in  Lizards,  in  which 
the  tongue  is  used  for  classificatory  purposes  {Verrrulingum, 
CroBsilinguia,  BreviUngiiia,  Fissilinguia) :  in  the  Fissilinguia 
and  in  Snakes  it  is  forked  at  the  apex.  In  the  Chameleon  it  is 
protrusible,  as  in  Spelerpes  amongst  Amphibians,  but  the 
mechanism  is  different  in  the  two  cases. 

Birdi. — Although  the  early  development  of  the  btise  of  the 
tongue-rudiment  in  connection  with  the  hyoid  and  first  branchial 
arch  is  apparently  similar  in  all  Birds  and  resembles  that  seen  in 
Reptiles,  many  differences  are  noticeable  in  its  subsequent  develop- 
ment in  the  various  groups  of  Birds  {e.g.  Lamellirostres  and 
Fringillidse),  and  these  concern  the  tuberculum  impar  and  the 
modification  of  its  anterior  region  in  connection  with  various 
functional  adaptations.  Important  differences  are  seen  in  the 
muscles  and  nerves  as  compared  with  Reptiles,  A  sensory  branch 
of  the  trigeminal  nerve  is  wanting,  and  is  replaced  functionally  by 
the  strongly  developed  glossopharyngeal. 

The  tongue  of  Birds  is  in  general  poorly  provided  with  muscles. 
It  usually  possesses  a  homy  covering  and  is  provided  with  papilla) 
and  pointed,  recurved  processes ;  it  may,  as  in  many  Reptiles,  be 
split  up  at  its  distal  end,  being  either  bifurcated  (Trochilidai)  or 
having  a  brush-like  form.  In  Woodpeckers  (cf  p.  123)  the  tongue 
may  be  thrown  far  out  from  the  mouth  by  means  of  a  complicated 
system  of  muscles,  and  it  thus  serves  as  a  prehensile  organ.  The 
tongue  is  relatively  largest  in  predatory  Birds  (Rapaces)  and 
Parrots :  in  the  latter  it  is  soft  and  cushion-like,  its  size  being  due 
not  so  much  to  the  special  development  of  muscles  as  to  the 
presence  of  fat,  vessels,  and  glands. 

Mammalfl. — The  tongue  reaches  its  most  complete  morpho- 
logical and  physiological  development  in  Mammals,  and  undergoes 
the  most  various  modifications  in  form  and  function.  It  is  as 
a  rule  flat,  band-like,  and  rounded  anteriorly,  is  rich  in  glands^  and 

*  A  gland  on  the  apex  of  the  tongue  (gland  of  Blaudin  or  Nuhn)  occurs  in 
Man,  the  Orang-outan,  and  Sheep. 
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Fio.  241.— A,  ToKdtTE,  HYOiD-Ain-AKATL's,  AND  Ukonchi  of  a  Gscko  (PkyOth 
daelyliu  eiirojMEux) ;  B,  ToHUtiB  uF  Lacerta ;  C,  OF  Monitor  indiau ;  D,  or 
Bmgi  eiiroptea  ;  E,  of  ah  Allkiatur. 

B,  bronchi  ;  HH  and  VIJ,  anWrior  niid  piwtciior  comuii  of  byoid-ftEqMtrattu ; 
K,  larynx  ;  L,  glottia  ;  Ly,  lung  ;  Af,  mandible  ;  T,  trachea  ;  Th,  thyroid  ; 
Z,  tongue  1  ZK,  entogloasal  bone ;  ZS,  shiuith  of  tongue. 


THYROID 


331 


is  always  cxtennilo  except  in  the  Cetucca.  The  intrinsic  muscu- 
lature is  highly  developed,  and  may  even  extend  backwards  over 
the  sternum  (Mania,  Myrmecophaga).  In  the  Ruminants,  in  which 
upper  incisore  are  wanting,  it  is  very  important  in  browsing.  In 
some  cases  {e.g.  FelidBe)  its  surface  is  homy.'  A  fold,  the  so-called 
tvhlingua  (plica  fimbriata),  is  present  on  the  lower  surface  of  the 
tongue,  ana  is  especially  well  marked  in  Ijcmurs ;  in  the  Slender 
Lons  (Stenops)  it  is  supported  by  cartilage.'  This  structure  has 
been  supposed  to  correspond  to  the  last  vestige  of  the  tongue  of 
lower  Vertebrates  (Reptiles)  which  has  been  replaced  by  the  more 
highly-developed  organ  characteristic  of  Mammals,  the  latter 
having  arisen  secondarily  from  the  reduced  sublingua.' 


Thyroid. 

In  AmphioxiiR,  as  in  Ascidinns  (Tunicata),  a  ciliated  groove, 
the  endostylc,  is  present  along  thi;  ventral  border  of  the  extensive 
pliarynx,  and  the  cells  Unine  this  groove  secrete  a  glutinous 
substance  in  which  the  food  particles  be- 
come entangled  and  by  the  action  of  the 
cilia  arc  carried  onwards  to  the  intestine. 
This  endostylc  is  without  doubt  homologous 
with  the  thyriAd  of  Craniates,  the  presence 
of  which  is  as  characteristic  of  them  as  is 
the  notochord.  In  consequence,  however,  of 
the  different  method  of  taking  in  food  and 
the  presence  of  jaws,  it  has  undergone  a 
change  of  function  and  never  remains  open 
to  the  pharynx  throughout  life,  but  gives  rise 
to  a  so-called  "  ductlos.^  gland,"  the  substance 
formed  by  its  "  internal  secretion "  passing 
into  the  lymph  or  blood. 

The  thyroid  arises  primarily  as  a  median 
ventral  diverticulum  of  the  pharynx  which 
extends  along  the  region  of  the  first  four  or 
five  visceral  clefts,  and  in  the  course  of  de- 
velopment may  become  subdivided  into  two 
lobes.  In  addition  to  this  unpaired  diver- 
ticulum, paired  portions,  situated  more  pos- 
teriorly, are  developed  in  Mammals :  the 
former,  as  in  all  Gnathostouies,  arise  from   the  ba,sihyal   region, 

*  Homjr  papilln  aru  pruaent  on  the  luiiKue  at  Ornilhorliyiiclius. 

'  The  Ho-calleii  "lyv<a"  of  tliu  Matimiuliaii  toiiKuecuimiati  partly  of  cartilage, 
anil  partly  of  muHcIo,  fnt,  nnil  coiinectivo  tiMue ;  it  corruHpoiuiii  to  a  vestigo  of 
the  lingunl  lartilu)^  oF  lower  Vcrtehrat'js,  niiil  uiiilorguex  varioua  niniliticHlionH. 

'  AccordJRK  tu  annttier  view,  lh«  siililinyiia  in  not  a  vestige,  but  a  atracture 
appearing  fur  tlie  tirat  time  in  certain  MoiniiiuU  which  baa  been  Heconilarily  dif- 
ferentiated from  a  ventral  portion  of  the  ton);ue  proper:  even  then,  however,  ita 
cartilage  any  have  an  aiiceBtrol  signitictincc. 


Fid-  242.— TiiVROiD 
AND  TUYHca  or 
Laccrta  ayilii. 
H,  heart ;  T,  trachea  ; 
Tm,  thymus  i  Tr, 
thyroi.l. 
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just  in  front  of  which  is  the  tuber- 
culum  imparof  the  tongue-rudiment. 

Id  the  Ammocoete,  the  simple 
diverticulum,  which  is  lined  by  cili- 
ated epithelium,  opens  into  the 
pharynx  between  the  third  and 
fourth  clefts  (Fig.  260),  but  in  the 
adult  Fetromyzon  the  organ,  as  in 
all  Craniata,  loses  itd  connection  with 
the  pharynx  and  undergoes  consider- 
able reduction  and  a  change  of 
function,  giving  rise  to  numerous 
closed  follicular  masses.^ 

In  Elasmobranchs  the  thyroid  is 
unpaired  and  lies  behind  the  man- 
dibular symphysis,  just  in  front  of 
the  bifurcation  of  the  ventral  aorta ; 
in  adult  Teleosts  it  is  paired,  and  is 
situated  in  the  region  of  the  firat 
branchial  arch.  In  Dipnoans  it  lies 
anteriorly  to  the  muscles  of  the 
visceral  skeleton  and  shows  an  in- 
dication of  a  division  into  right  and 
left  lobes. 

In  the  Urodela  and  Anura  the 
thyroid  is  situaied  close  to  the 
anterior  end  of  the  pericardium :  it 
undergoes  subdivision  and  fonns 
/_  y  numerous  vesicles  lying  posterioriy 
to  the  second  ceratobrancbials  in  the 
former,  and  on  the  ventral  side  of  the 
posterior  comua  of  the  hyoid  in  the 
latter. 

In  Lizards  the  thyroid  is  situated 

close  to  the  trachea,  slightly  behind 

the  middle  of  its  course  (Fig.  242), 

and  in  Chelonians  and  Crocodiles  it 

Ft.!.  24:1 -Thymi«  and  TnrBoiD  "«"*"y  possesses  right  and  left  lobes 

ofA  YouiiciSTORK.  lying  on  the  great  vessels  just  after 

,.  ,       I.-    IT  ...    /I  they  l«ave  the  heart.     In  Birds  (Pig. 

/(,  bronchi ;  If,  heort ;  Ot,  <™o-    „"„■'.     ,  ■      j         j   l      * 

phugiis  ;     T,    t™ch<Mi  i     Tm,  243)  the  organ  is  paired,  and  has  a 

thymus ;  TV,  tlijToiil.  similar  position. 

The  thyroid  of   Mammals  (Fig. 
227)  consists  i)f  two   lobos  often  conuectiid  by  a  median  isttuDDS 


'  In  MyxiiiQ  the  thjre 


',B  of  muiidcil  or  nval  capxulei  •nntraitded  bf 


fat ;    they  are  nearly  all  median  antl  ure   arrange*!   Hcparalely  or  in  ffoap 
Iwtwecn   tiie  gill-sacs  on  either  Hide,  tlie  giillut  above,  and  the  TentnlHrt* 
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situated  on  the  ventral  side  of  the  larynx  and  trachea,  and  if  well 
developed,  constituting  a  "  middle  lobe."  ^ 

The  function  of  the  thyroid  is  not  thoroughly  understood,  but 
the  organ  is  essential  for  the  well-being  of  the  individual,  its 
extirpation  commonly  resulting  in  various  disturbances  of  the 
mental  and  organic  functions.  It  is  extremely  vascular,  especially 
in  Mammals,  and  gives  rise  to  a  substance  which  may  contain 
iodine. 

Thymus. 

The  thymus  has  always  a  paired,  epithelial  origin,  and  is  thus 
primarily  of  a  glandular  nature :  its  epithelial  character  is  retained 
throughout  lite,  although  the  large  cells  of  which  it  is  orginally 
composed  undergo  a  marked  subdivision  into  smaller  elements. 

In  Cyclostomes,  the  presence  of  a  thymus  has  not  been  proved. 
In  Elasmobranchs  it  arises  on  either  side  from  the  endodennic 
epithelium  lining  the  upper  angles  of  the  first  five  gill-clefts,  near 
the  ganglia  of  the  ninth  and  tenth  cerebral  nerves,  as  well  as  in 
the  neighbourhood  of  the  spiracle:  it  appears  that  all  the  gill- 
pouches  originally  took  part  in  its  formation,  as  is  also  indicated 
in  Teleosts,  Ca?cilians,  and  even  in  Snakes. 

In  Teleostomes  and  Dipnoans,  the  thymus  is  similarly  situated 
dorsally  to  the  branchial  region,  but  certain  modifications  occur, 
part  of  it  undergoing  resorption,  while  a  subdivision  into  lobes  or 
a  secondary  fusion  of  originally  distinct  parts  occurs.  In  adult 
Urodeles  and  Anurans  it  lies  behind  and  above  the  articulation  of 
the  lower  jaw. 

In  all  the  Amniota,  the  thymus  is  developed  in  connection 
with  the  three  or  four  anterior  phaiyngeal  pouches.  In 
adult  Snakes,  and  also  in  Lizards  and  Chelonians,  it  consists  of 
two  or  more  separate  lobes  situated  near  the  carotid  arteries. 
Young  Crocodiles  and  Birds  possess  an  elongated,  band-like,  lobed 
thymus  extending  along  the  neck  (Fig.  243).*  In  Mammals 
usually  only  a  small  portion  of  the  organ  is  present  in  the  cervical 
region,  its  greater  part  being  situated  in  the  thorax,  just  above 
the  sternum.  In  young  animals  it  is  usually  very  voluminous,  and 
increases  in  size  up  to  sexual  maturity,  then  gradually  becoming 
reduced,   without    however,   losing   its   function,   whatever   that 

*  Under  the  term  pamthyrcidHy  or  **  accessory  thyroids,*'  are  understood  those 
parts  of  the  thyroid  which  may  arise  from  its  unpaired  rudiment  (ductus 
thyrtwjloAaiis).  The  so-called  "  epithelial  bodies"  formed  from  the  second  to  the 
fifth  pharyngeal  pouches,  as  well  as  the  ultimoltranchicU  {ponthranchial)  bodv 
arising  from  the  most  posterior  cleft,  have  nothing  to  do  with  the  thvroid, 
although  they  may  come  into  intimate  relation  with  it  as  well  as  with  the 
thymus.  The  structure  known  as  the  '* carotid  gland"  in  Mammals,  which  is 
situated  at  the  bifurcation  of  the  common  carotid  artery  of  either  side,  belong 
to  a  peculiar  category  of  organs  which  have  genetic  relations  to  the  sympathetic 
system  (cf.  p.  247) :  a  similar  structure  is  said  to  be  present  in  Birds. 

^  Muscular  elements  occur  in  the  thymus  of  Amphibia  and  Sauropsida. 
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function  may  be :  at  any  rate  it  is  not  a  "  lymphoid  organ,"  and 
the  origin  of  the  leucocytes  occurring  in  it  is  not  known.^ 


(ESOPHAGUS,   STOMACH,   AND   INTESTINE. 

Ichthyopsida. — The  oesophagus  in  the  Anamnia  is  short,  and 
usually  not  distinctly  marked  off  from  the  stomach,  though  ei^cep- 
tions  to  this  rule  often  occur  {e.g.  many  Telcostei,  Siren  lacertina). 

The  stomach  is  often  defined  as  a  widened  section  of  the  enteric 
canal  situated  between  the  posterior  end  of  the  gullet  and  the 
entrance  of  the  bile  duct.  Such  a  dilatation  can  strictly  only  be 
spoken  of  as  a  stomach  when  its  epithelium  possesses  specific 
characteristics  and  gives  rise  to  gastric  glands :  in  this  sense 
a  stomach  is  wanting  in  Amphioxus,  Cyclostomi,  Holocephali, 
certain  Teleastei  {e.g.  Cyprinidje,  certain  Labridse,  Gobiidae,  and 
Bleniidse,  Syngnathus,  Cobitis),  and  Dipnoi  (Fig.  247).  In  many 
Teleosts  the  bile-duct  opens  far  forwards,  so  that  the  gastric 
region  is  very  short. 

In  other  Fishes,  as  well  as  in  all  Amphibians,  a  true  stomach 
is  present,  and  is  usually  extemallv  recognisable  as  a  more  or 
less  dilated  sac ;  it  may  be  curved  on  itself,  so  as  to  form  a 
U-shaped  loop,  the  two  (cardiac  and  pyloric)  limbs  of  which  lie 
parallel  to  one  another  (Fig.  244).  In  general,  its  form  is  adapted 
to  that  of  the  body :  thus  Kays  and  Anurans  possess  a  far  wider 
stomach  than  do  most  other  Fishes  and  Amphibians  (cf  Figs. 
244-249).     The  stomach  of  Teleosts  varies  considerably  in  form.* 

The  intestine  may  be  straight  or  nearly  straight,  or  may  be 
more  or  less  coiled,  and  in  the  former  case  a  spiral  fold  or  valve 
may  be  developed  in  Fishes,  to  increase  the  absorptive  surface. 

In  the  Lamprey  a  longitudinal  fold  or  typhlosole,  taking  a  slightly 
spiral  course,  extends  into  the  lumen  of  the  intestine.  In  Elasmo- 
branchs.  Ganoids,  and  Dipnoans,  the  fold  is  more  highly  developed 
and  forms  a  well-marked  spiral  valve,  the  turns  of  which  may  lie 
so  close  together  as  to  almost  fill  the  cavity  of  the  intestine  (Fig. 
244).*  In  the  Ganoids  it  begins  to  undergo  degeneration  :  thus 
in  Lepidosteus  it  is  only  present  in  the  hinder  part  of  the  in- 
testine (Fig.  245).  Traces  of  a  spiral  valve  can  even  be  recognised 
amongst  the  Teleostei  (Cheirocentrus). 

^  The  Ro-callecl  **  HasaarH  corpuscles"  in  the  thymiiB  nri»o  secondarily  from 
groups  of  the  small  epithelial  cells. 

''  In  numerous  Teleosts  {e.g.  Tinea  vulgaris,  Cobitis  fossilis)  outer  longi- 
tudinal and  inner  circular  Hfriaitd  fibres  are  present  in  both  stomach  and  intestine 
externally  to  the  unstriated  muscular  coat.  They  grow  backwards  from  the 
oesophagus. 

'  The  arrangement  and  extent  of  the  valve  vary  considerably  ;  it  may  begin 
close  behind  the  pylorus,  or  the  valveless  anterior  part  (*'  bursa  entiana")  mav  be 
relatively  longer.  In  some  cases  the  valve  is  scroll-like,  and  not  spiral  {t.g. 
Garcharias). 


Fill.  245.— Amukntakv  Vi»- 

CBKA  AND  KWIM-UlAl>I)KH 
liv  L*i,i<la-Ur.ui  {in  silri). 
(AfU-rlialfourainl  I'arkcr.) 

x.'f',  iU  aperture  Into  the 
throat ;  li.il',  aperlurc  of 
bile-duel  into  intuslinc ; 
c,  pylorii:  ueca;  t/.h,  gull- 
bliufiler ;  kii.il,  licpatic 
duct ;  /r,  livor  ;  py,  pjloric 
valve ;  «,  iiplecn  ■,  "j/.i; 
spiral  valve ;  at,  stoniacli. 
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Pyloric  cceca  are  met  with  in  Ganoids 
(except  Amia)  and  most  Teleoets,  and 
consist  of  longer  or  shorter  fin^r- 
shaped  processes  of  the  small  intestine, 
situated  posteriorly  to  the  pylorufl  in 
the  region  of.  the  bile-duct  (Figs.  245, 
246).  Their  number  varies  &om  I 
(Polypterus  and  Ammodytea)  to  191 
(Scomber  scomber) :  in  some  fishes  (bey 
are  bound  together  by  connective  tissue 
so  as  to  form  a  compact  mass.  The 
Shark  Lsmargus  possesses  a  pair  of 
coica  opening  mto  the  anterior  part  of 
the  intestine. 

In  the  narrow-bodied  Qymnophiona 
the  intestine  is  only  slightly  coiled, 
while  in  Anura  it  becomes  conaideraUy 
folded  on  itself :  its  form  in  Sala- 
manders is  about  mid- way  between 
these  two  extremes. 

In  the  Cyclostomi,  Holoce]^ali, 
Ganoidei,  and  most  Teleostei,  there  is 
a  separate  anus;  in  all  other  Fishes 
as  well  as  in  the  Amphibia  the  large 
intestine  opens  into  a  cloaea,  common 
to  it  and  to  the  urinogenital  ducts. 
The  large  intestine  (rectum)  is  com- 
paratively short  and  takes  a  straight 
course ;  m  Amphibians,  as  well  as  to 
some  extent  in  certain  Ganoids  and 
Teleosts,  it  is  plainly  marked  off  from 
the  small  intestine  by  its  size,  and  be- 
tween the  two  there  is  often  a  circular 
valve.  In  some  cases  the  rectum  is 
considerably  swollen  and  may  even 
exceed  the  stomach  in  capacity  (Fig. 
249).  An  outgrowth  of  the  ventral 
wall  of  the  cloaca  in  Amphibia  gives 
rise  to  the  urinary  bladder  and  repre- 
sents the  allanlovi  (q.v.)  of  higher  forms. 

In  Fiagiostotnes  a  finger-shaped 
rectal  gland  {processus  digiti/ortiiis)  ^ 
opens  into  the  anterior  part  of  the 
rectum,  and  this  perhaps  corresponda 
to  the  blind  gut  or  ctecum  of  higher 
forms.  Traces  of  a  csecum  are  seen  in 
certain    Teleosts    («.y.    Box).      In    the 
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I,  onoB ;  Ap,  pyloric  caxt ; 
ED,  rectum ;  M,  sloraiwh. 
with  ueol  proceu  (t)  and 
abort  pyloric  region  ( P—  I') ; 
MD,  Binftll  JDtetline ;  (h, 
(eiophagua. 


Fin.  247. 
Fid.  247.— Ai.iMKSTARY  Canal  and  Appekd.kibi  of  I'rotopttriu  aHntcttHt. 
(After  W.  N.  I'M-kcr.) 
ap,   abdoTninal  pore;  b.d,  common   bile  iluct,   and  b.d',  ita  aperture  into  the 
inteatine ;  h.rnt,   buraa  entiana  (anterior  portion  of  inlesline) ;  d,  cloaca  j 
ft.i:,  cloocal  citcum ;  t.m.a,   oielioco- mesenteric  nrwry ;  ey.d,   cystic  duet, 
ff.6,  gall-liladiler  ;  h.d,   hupatie  ducts;  A  p.r,  tiepatic  portal  vein;  k.d,haae 
of  kidney  duct ;  Ir,   liver ;  m.n',   ra  a',   mesenteric  Brtfliie» ;  ood,   bue  of 
oviduct;    otn,   iKBophagua ;   py.v,  pyloric   valve;  n:,   rectum;  tp,   spleen  ( 
tp.v,  spind  valve ;  t(  ,  "  atomach  "  ;  v,  vent.  The  pancreaa  is  not  seen,  as  it  in 
embedded  in  the  walls  of  the  stomach  and  anterior  part  of  the  ii 
on  the  dorsal  and  right  side. 
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Fia.  248.  Fio.  249. 

Fio.  348.— AuMBSTABT  Cakai.  of  Sirtn  lacerlina. 
ED,  Urge  inteitiDe  ;  MD,  small  intestine ;  Of,  (vsophmfpu,  muked  off  from  the 


stomach  (M)  by  a  c 
Fifi.  249.— Alimentary  Canal  t 


tphmnu,  n 
•,  pyloric  I 


P,  pyloric  region. 
Bana  emnienla. 


A,  opening  of  the  rcctam  into  the  cloaca  {Cl)\  D,  ileum  ;  Dh,  dDodeuam; 
boundary  between  amalt  and  large  jnleetine  ;  HB,  nrimir;  bladder ;  C 
nraophagua  ;  M,  stomach  ;  Mz,  spleen  ;  Py,  pyloric  region ;  B,  rectum. 


Dipnoi  a  cloacal  ciecura  is  present  {Fig,  247;  c£  onder  Urino- 
genital  Organs). 

In   all    Fishes   in   which   a    cloaca   is   wanting,  the  anas   is 
anterior  to  the  urinogenital  aperture. 
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ReptUei. — In  correspondence  with  the  more  definitely  differen- 
tiated neck,  the  oesophagus  of  Reptiles  is  relatively  longer  than  in 
the  animals  as  yet  considered;  it  is  always  plainly  marked  off 
fi*om  the  much  wider  stomach,  which  is  usually  sac-like,  or  bent 
upon  itself,  in  which  latter  case  it  lies  transversely  (Chelonians).^ 
As  regards  external  form,  the  stomach  of  Crocodiles  is  more 
specialised  than  that  of  other  Reptiles,  approaching  that  of  Birds. 

Snakes,  snake-like  Lizards,  and  Amphisba^nians  possess  a 
narrow,  spindle-shaped  stomach,  which  lies  in  the  long  axis  of  the 
body  ;  in  correspondence  with  the  large  size  of  the  masses  of  food, 
which  are  swallowed  whole,  it  is  capable  of  great  distension.  In 
these  the  intestine  is  only  slightly  coiled  :  in  other  Lizards  the 
coils  are  more  marked,  and  in  forms  with  broad  bodies  («.//. 
Chelonians,  Crocodiles)  the  folding  is  carried  still  further. 

The  laree  intestine  has  a  straight  course,  is  often  considerably 
swollen,  and  opens  into  a  cloaca.  It  may  {e.g.  certain  Chelonians) 
be  as  long  as  the  small  intestine  and  be  bent  on  itself.  [For  the 
urinary  (allantoic)  bladder  present  in  many  Reptiles,  cf.  under 
Foetal  Membranes  and  Urinary  Organs.] 

In  many  Reptiles  {e,g,  most  Lizards,  Snakes),  a  small  blind- 
^ut  or  caecum  is  present  at  the  anterior  portion  of  the  large 
intestine  :  it  is  generally  asymmetrical. 

Birdi. — In  correspondence  with  the  kind  of  nutriment,  the 
mode  of  life,  and  the  absence  of  teeth,  certain  modifications  of  the 
oesophagus  and  stomach  occur  in  Birds.  In  graminivorous  Birds  and 
Birds  of  Prey  either  the  whole  gullet  forms  a  dilated  sac  or  else  it 
j;ives  rise  to  a  ventral  outgrowth  ;  in  both  cases  the  enlargement 
18  known  as  the  crop  (ingluvies)  (Fig.  250,  a).  This  serves  as  a  food 
reservoir,  and  in  some  cases  its  walls  are  glandular. 

The  stomach,  instead  of  remaining  simple,  generally  becomes 
divided  externally  into  two  portions,  an  anterior  and  a  posterior. 
The  former,  which  on  account  of  its  richness  in  glands  is  called  the 
glandular  stomach  (proventricubcs),  alone  takes  part  in  dissolving 
the  food;  while  the  latter,  which  is  lined  by  a  keratinoid  layer 
consisting  of  a  hardened  glandular  secretion,  has  simply  the 
mechanical  function  of  grinding  the  food,  in  correlation  with 
which  a  very  peculiar  and  thick  muscular  wall  provided  with  two 
tendinous  discs  is  developed  (Fig.  250,  B  and  c).  The  degree 
of  development  of  this  muscular  stomach,  or  gizzard,  is  in 
direct  proportion  to  the  consistency  of  the  food.  Gramini- 
vorous Birds  possess  the  strongest  muscular  layer  and  the  thickest 
keratinoid  lining,  while  in  the  series  of  insectivorous  Birds,  up  to 
the  Birds  of  Prey,  this  condition  becomes  gradually  less  marlced, 

^  The  a^sophagus  of  marine  Chelonians,  like  that  of  many  Birds,  is  lined  by 
homy  papilhe,  and  in  the  stomach  a  differentiation  of  distinct  gland-zones  is 
seen,  such  as  is  already  indicated  in  certain  Fishes  and  is  carried  still  further  in 
Mammals. 

z  2 
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aiid  the  division  of  liibour  is  not  so  noticeable.  Thus  in  the  series 
of  existing  Birds  we  can  trace  the  course  of  the  phylogenetic 
differentiation  of  the  organ. 

The  small  intestine  is  usually  of  considerable  length  and 
becomes  folded  on  itself  to  a  greater  or  less  degree  ;  it  varies, 
however,  in  fonn,  relative  length,  and  diameter. 

The  straight  large  intestine  opens  into  a  cloaca,  and  differs  «s 
to  its  relative  diameter.     The  ciecum  is  naually  paired,  and  may 


Fio.  250,  A.— DiiioBAM  OP  TBK  (Ksopinors  AND  Stomacu  or  A  Bird.  J 
D^f,  gluidular  Btamacti  ;  Ig,  crop  ;  MD,  duodenum  ;  J/Jf,  muscular  s 
Ot,  Ot',  •taophagua. 
Fio.  250,  B.— Glandulab  Stomach  and  Gikkabd  of  Faliea  alra. 

S,  tendritiouB  disc.    (Other  lettera  as  in  A.) 
Fio.  250,  C— Trass vsrsb  SEcrms  THBoiruHTHE  latkial  takti 

OF   Ttlrao  iiroyfiUttH, 
DS,  glandular  layer ;  L,  lumen ;  J/S,  inuscukr  laj-ct  j  HP,  kenlinoid    I 
trituraUng  byer. 

be  extremely  long  (Lamellirostrcs,  Rasorcs,  Ratitaj).  All  kin( 
intermediate  stages  between  this  condition  and  an  entire  ahi 
of  a  cencitm  arc  to  bo  met  with.  When  largely  developed,  it  must 
have  an  important  relation  to  digestion,  as  an  increase  of  surface 
of  the  mucous  mcnibrane  is  thus  effected ;  this  increase  may  oven 
be  carried  further  by  each  caecum  being  provided  with  a  spiral  fold 
consisting  of  numerous  turns,  as  in  the  Ostrich, 

Thi.s  so-called  bursa  FahncU  is  a  structure  peculiar  to  Birds, 
and  ai-ises  aa  a  small,  solid,  epithcliai  outgrowth  from   the 


iiPds,       I 
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dermal  portion  of  the  cloaca  (proctodseum),  later  becoming  exca- 
vated to  form  a  vesicle.  It  is  situated  in  the  pelvic  cavity  between 
the  vertebral  column  and  the  posterior  portion  of  the  intestine, 
opening  into  the  outer  section  of  the  cloaca  posteriorly  to  the 
arino^nital  ducts.  It  is  probably  present  in  all  Birds,  but  becomes 
atrophied  more  or  less  completely  in  the  adult ;  its  physiological 
function  is  unknown. 

Mammalfl. — The  oesophagus,  like  that  of  Birds,  is  sharply 
marked  off  from  the  stomach,  and  its  muscles  consist  for  a  greater 
or  less  extent  of  striated  fibres  derived  from  those  of  the  pharynx. 

The  stomach  undergoes  much  more  numerous  modifications 
than  are  met  with  in  any  other  vertebrate  Class.  As  a  rule  it 
takes  a  more  or  less  transverse  position  and  has  a  sac-life  form, 
the  cardiac  portion,  into  which  the  oesophagus  opens,  and  the 
/wnrfi^,  which  lies  towards  the  left  side  of  the  abdomen  being  usually 
more  swollen  and  having  thinner  walls  than  the  pyloric  portion, 
which  communicates  with  the  duodenum.  The  gastric  glands 
have  in  general  a  different  histological  and  physiological  chai-acter 
in  the  three  regions  of  the  stomach,  so  that  three  glandular  zones 
may  be  distinguished  (Fig.  251,  and  c£  p.  345) 

According  to  the  definition  given  on  p.  335,  a  true  stomach  is 
wanting  in  Monotremes  (Fig.  251,  a);  and  althoujjh  the  organ  is 
represented  by  a  wide  sac,  it  is  entirely  wanting  m  glands,  and 
is  lined  throughout  by  stratified  epithelium:  this  condition  is 
doubtless  secondary.  Amongst  Edentates,  a  similar  peculiarity  is 
seen  in  Manis  javanica — in  which,  however,  some  of  the  glands  are 
retained  in  a  sac-like  outgrowth  from  the  greater  curvature,  the 
rest  of  the  stomach  being  lined  by  a  horn-like  layer. 

In  herbivorous  Mammals  the  stomach  is,  as  a  nile,  relatively 
larger  and  more  complicated  than  in  carnivorous  Mammals, 
ana  it  may  become  divided  into  two  or  more  chambers.  In 
Bradypus,  many  Rodents  (Muridae)  and  in  the  Horse  distinct 
cardiac  and  pyloric  chambers  can  be  recognis(Kl,  and  in  herbivorous 
Marsupials  and  Ungulates  numerous  intermediate  forms  between 
a  simple  and  an  exceedingly  complex  stomach,  such  as  occurs  in 
the  typical  Ruminants,  are  to  be  mot  with  (Fig.  251).  In  the 
latter  (Fig.  252)  the  stomach  is  divided  into  four  chambers,  which 
are  called  respectively  nimen  (paunch),  reticulum,  'pmlierium ,  and 
abomaaum.  The  two  first,  which  may  be  looked  upon  as  parts  of 
one  and  the  same  chamber,  simply  serve  as  storage  cavities,  the 
food  returning  from  them  into  the  mouth,  once  more  to  undergo 
mastication.  It  then  again  passes  down  the  gullet,  and  is  con- 
ducted along  a  groove  to  the  psalterium,  the  edge  of  the  groove 
closing,  and  finally  into  the  abomjisum,  the  latter  alone  being  pro- 
vided with  peptic  (rennet)  and  pyloric  glands,  and  serving  as  the 
true  digestive  stomach  :  the  other  chambers  are  almost  or  entirely 
glandless,  and  are  lined  by  pavement  epithelium. 
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A,  ORNiraoKUYNCHDS  !  B,  Kanci; 
(Ziphiun) :  I),  PuRPuisti ;  E. 
( Crietlnn  frumtntarivji). 


gliuidB  by  dots ;  ami  Ihal  of  the  pyloric  gluidi  by  crosses. 
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The  psalterium  is  the  latest  to  be  differentiated  both  phylo- 
geoetically  and  ontogenetically,  and  is  rudimentary  in  the  Tn^u- 
Udfe.  In  Camels  the  rumen  gives  rise  to  two  masses  of  gland- 
containing  outgrowths,  known  as  "water-cells":  the  latter  are 
separated  from  one  another  by  septa  and  provided  with  sphincter- 
like  muscles.  In  the  Cetacea  (Fig.  251,  C  and  »)  and  Hippo- 
potamus, the  stomach  is  divided  into  several  chambers,  and 
various  other  modifications  in  form  and  structure  are  met  with 


Fio.  2S2.— Stohach  or  Hastr.     (From  Oppel,  after  Carus  Mid  Otto.) 
a,  a-sophaguB ;  b,  c,  d,  the  three  lubdivioiona  of  the  rumen,  marked  off  from  oDe 
kiiother  by  the  fo1d>  c  and/;  g,  retiniilum ;  h,  lEBophageal  groove ;  i,  paalte- 
rlum  ;  k,  aperture  leading  from  the  psalterium  into  the  abomaaam  {I,  ffl)  ;  n, 
pylorio  valve  ;  o,  duodenunia 


amongst  Hammals.  Thus  in  the  Kangaroo,  for  instance  (Fig. 
251,  b),  the  walls  of  the  stomach  are  curiously  folded,  and  in  the 
blood-sucking  Bat,  Desmodus,  the  pyloric  region  gives  rise  to  a 
ciecum  two-thirds  as  long  as  the  whole  intestine. 

The  small  intestine  is  usually  long,  and  varies  more  as  to  rela- 
tive length  and  diameter  in  domesticated  than  in  wild  forms :  its 
first  part,  as  in  Birds,  usually  forms  a  duodenal  loop. 

Tne  large  intestine,  which  is  made  up  of  a  varying  number  of 
coils,  usually  reaches  a  great  length,  and  its  diameter  is  much 
greater  than  that  of  the  small  intestine :  these  two  portions  are 
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thus  sharply  marked  off  from  one  another,  and  the  distinction 
between  them  is  rendered  still  more  marked  by  the  sacculations 
of  the  anterior  part  of  the  large  intestine.  Only  the  posterior 
portion  of  the  latter,  or  rectum,  which  passes  into  the  pelvic  cavity, 
corresponds  to  the  large  intestine  of  lower  Vertebrates ;  the  re- 
maining and  far  larger  part  occurs  only  in  Mammals,  and  is  called 
the  colon. 

The  caecum,  which  is  almost  always  present,  undergoes  various 
modifications  both  as  to  form  and  size.  Thus  in  Ekiendates  (Manis, 
Bradypus),  many  Camivora,  Odontoceti,  Insectivora,  and  Cheirop- 
tera, it  is  very  small  or  even  entirely  wanting,  while  in  Herbivora 
it  may  exceed  the  whole  body  in  length.  An  inverse  development 
in  size  is  usually  noticeable  between  it  and  the  rest  of  the  large 
intestine.  In  many  cases  (certain  Rodents,  Anthropoid  Apes,  and 
Man)  an  arrest  of  a  portion  of  the  csecum  takes  place  in  the  course 
of  individual  development,  so  that  little  more  than  the  distal  end 
{processits  verrniformis)  remains  (Fig.  227).  In  Lepus  the  enor- 
mous caecum  is  provided  with  a  spiral  valve,  and  in  Hyrax,  besides 
a  large  sacculated  caecum  at  the  junction  of  the  small  and  large 
intestines,  there  is  a  pair  of  large,  simple,  conical  caeca  further 
back. 

Monotremes  only  amongst  Mammals  possess  a  distinct  cloaca, 
though  in  Marsupials  and  some  Rodents  and  Insectivores  (especi- 
ally in  the  female)  the  anal  and  urinogenital  apertures  are  sur- 
rou)ided  by  a  common  sphincter.  In  other  Mammals  these 
apertures  become  completely  separated  from  one  another. 


HISTOLOGY  OF  THE  MUCOUS  BfBMBRANK  OF  THE  ALIMENTARY 

CANAL. 

• 

The  epithelium  lining  the  alimentary  canal  of  Vertebrates — with 
the  exception  of  that  of  the  mouth  and  cloaca,  which  is  usually 
stratified — consists  primitively,  that  is,  phylogenetically,  of  amoeboid 
or  ciliated  cells.  In  some  cases  this  is  also  true  ontogenetically,  and 
in  Amphioxus  and  Protopterus  for  instance,  the  ciliated  epithelium 

f persists  throughout  life  and  in  the  Lamprey  until  metamorphosis, 
n  the  adult  Petromyzon,  as  well  as  in  many  Fishes  and  even  Amphi- 
bians, ciliated  epithelium  occurs  constantly  only  in  certain  parts  of 
the  gut,  and  in  the  higner  Vertebrates  cilia  are  only  seen  excep- 
tionally after  the  embryonic  period,  so  that,  as  a  rule,  only  ordinary 
columnar  epithelium  is  present.  A  striated  margin  is  observable 
along  the  free  border  of  the  columnar  cells,  and  may  be  looked 
upon  as  a  last  indication  of  the  earlier  ciliated  covering :  in  some 
lower  Vertebrates  {e.g.  Elasmobranchs,  Proteus,  Salamander  larvae) 
the  individual  cells  are  even  capable  of  an  active  amoeboid  move- 
ment. In  this  active  participation  of  the  cells  in  the  process  of 
absorption   an  inheritance  from  primitive  Invertebrates  can   be 
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recoeniaed  (intracellular  digestion) ;  but,  Ht  the  same  time,  ticlra- 
eelUuar  digestion,  in  which  no  external  change  in  the  individual 
cells  can  be  seen,  is  always  the  more  important  in  Vertebrates 
and  occurs  exclusively  in  the  higher  types. 

In  Amphioxus,  Cyclostomi,  and  Dipnoi,  the  whole  of  the 
alimentary  epithelium  must  be  looked  upon  oe  secretory,  each 
individual  cell  acting  as  an  independent  gland.  In  other  Fishes 
and  in  Amphibians  and  Rcpti]t.-s.  a  higher  stage  is  reached,  inas- 
much as  groups  of  cells  in  the  stoiimch  give  rise  to  tubitlar  glands  of 
a  simple  nnture.  A  further  diffcn^'ntiation  of  the  cells  gradually 
leads  to  the  condition  seen  in  the  giistric  glunds  of  Mammals,  in 
which  thrive  kinds  of  glands  can  do  distinguished,   vis.  mrdiiK, 


Fill.  333.— Sbhidiaorahmatic  FiiirRiia  or  tub  Mucous  Membrane  or  thk 
iNTESTtNE  or  FiaHBa,  HHowisn  Iktrrmediatb  Korhs  between  LoNarrn- 
DiHAL  Folds  and  Rodmii  Crvits.    {After  Edinger.) 

A,  Petrorojrton,  ahowing  the  apirsl  folil ;  B,  an  ElMUiobninch  ;  C  to  E,  Torioiu 
Teleosla. 

fundiii,  and  pyloric  glands,  and  in  the  fundus  glands,  which  have 
the  greatest  physiological  inijiortance,  thq  cells  become  differenti- 
ateainto  ckif/celU  and  parietal  cells. 

In  the  higher  Vertebrates,  more  esiK^cially  in  Birds  and 
Mammals,  the  epithelium  of  the  intestine  also  gives  rise  to  tubular 
iiUeiiinal  glands  (cri/pts  or  glands  of  Zieberkiihn)  as  well  as 
(in  Mammals)  to  Brunnor's  glands  in  the  du<xlunuin,  closely 
connected  phylogenetically  with  tho  pyloric  glands  of  the  stomach. 
Mueus-secreting  goblet  cells  are  common  throughout  tho  alimentary 
epithelium  of  Vertebrates,  and  the  same  is  true  of  leucocytes :  the 
latter  are  especially  abundant  in  the  submucosa,  from  whence  they 
may  wander  into  the  lumen  of  the  gut.  The  lymphoid  tissue  is 
often  aggregated  into  definite  smaller  or  larger  mitsHcs  or  follicles 
{e.g.  Peyer'a  patches),  and  in  some  coses  (e.g.  Protopterus)  is  very 
abundant. 

In  order  to  effect  an  increase  of  the  absorptive  surface,  loiigi- 
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tiidinal  folds  of  the  mucoua  membrane  .ire  fonned,  and 

development  of  such  a  fold,  taking  a  spiral  course,  may  result  fi 

the  formation  of  a  spiral  valve.  Complications  then  arise  by  the 
development  of  transverse  folds  between  the  longitudinal  ones 
(those  are  already  seen  in  Elaamobranchs  and  many  other  Fishes) ; 
and  by  still  further  modifications,  crypts  of  varied  form  and  depth 
are  produced,  into  which  open  the  microscopic  glands,  when 
present  (cf.  Fig.  253).  Finger-shaped  oiitgrowths  or  villi  of  the 
mucous  meinbmne  of  the  intestine  are  first  plainly  distingiiiah- 
ablo  in  Amphibians  (especially  Anura)  and  are  especially  welf 
developed  in  Mammals.' 

Appendicular  Organs  of  the  Alimentary  Canal. 


The  liver,  the  form  of  which  i.s  always  closely  adapted  to  that 
of  the  surrounding  parts  (Figs.  254  and  255),  and  which  is  tyjiicatly 
lobed,  underlies  to  a  greater  or  less  extent  the  ventral  aide  of  the 
intestinal  tract,  and  is  present   in   all  the   Craniata,     I 


in    the   form   of  a  tubular  gland,*    as  an   outgrowth   from    ,. 
endodermic  epithelium  of  the  intestine  close  to  tne  junction  of  t3 

'  The  ir&nBverae  ioMa  of  the  mucous  membrane  occurring  e.g, 
nnd  Mammaliu  in  ihe  iimnll  nnd  Urge  intestine  are  known  respectively  ui  p 

cimilartf  (vo/i-u/cc  eoimiivnlit)  audpliea  /KmilunaTra, 

^  Further  diflcTDUtiutiotia  occur,  whiob  graduallj'  lead  to  a  (leodn'tic  ._ 
like  arrao^meiit  of  the  gland -ductules,  and  this  hUows  great  variation  in  diffc 
gnmpa  and  in  difforeat  stages  of  development. 
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latter  with  the  stomach.  Both  ODtogenetically  and  phylogenetically 
the  lirer  is  an  older  oi^pm  than  the  pancreas,  which  is  developed 
from  the  same  endodermal  matrix. 

In  Amphioxus  a  simple  sac-like  ctecum  (Fig.  258)  arises  from 
the  intestine  just  behind  the  pharynx,  and  this  "  hepatic  cfecum  " 
may  probably  be  looked  upon  as  the  rudiment  of  a  liver. 


Ftii.  253.— VisCKRA  OP  Laecrta  agilin. 


In  the  Anamnia,  the  liver  is  usually  relatively  larger  than  in 
the  Amniota,  and  Carnivores  generally  j>osscss  a  larger  liver  than 
Herbivores.  In  Myxinoids  it  (^partu  least  from  the  original  tubular 
type.from  which  that  of  the  Amphibia  and  Ruptilia.anamorc  especi- 
ally the  Mammalia,  diverges  most  widely.  All  these  mollifications 
in  its  structure  are  traceable,  in  the  first  instance,  to  the  vascular 


348 


COMPARATIVE  ANATOMY 


system,  which  has  a  very  specific  arrangement  in  the  liver  and 
shows  a  divergent  mode  of  development  in  passing  towards 
Amphibians  and  Reptiles  on  the  one  hand,  and  Mammals  on  the 
other. 

The  liver  is  connected  with  the  body-wall  by  folds  of  the  peri- 
toneum, and  the  differences  which  are  seen  in  its  form  are  due  to 
the  fact  that  it  becomes  more  or  less  closely  adapted  to  fit  against 
and  between  the  neighbouring  organs  (stomach,  intestine,  &c.),  and 
as  regards  the  formation  of  lobes,  to  its  close  relations  with  the 
portal  and  hepatic  veins  and  (in  Mammals)  to  the  diaphragm. 


fio.  256. — A,  B,  C,  Various  Modifications  in  the  Abranoshbnt  of  the 

Bile-ducts. 

c  and  8,  cystic  duct ;  ch,  common  bile-duct ;  D,  duodenum ;  A,  hepatic  duct ; 
he,  hepato-cystic  duct ;  he,  hepato-enteric  duct ;   Vf,  gall-bladder. 

The  number  of  lobes  varies,  and  in  Mammals  (e.g.  Carnivores) 
there  may  be  as  many  as  six  or  seven. 

The  function  of  this  large  and  vascular  organ  consists,  in  the 
first  instance,  in  the  secretion  of  bile,  but  it  has  a  further  importance 
in  connection  with  the  formation  of  glycogen,  urea,  &c.  It  is  con- 
nected with  the  lumen  of  the  anterior  part  of  the  intestine  by 
means  of  one  or  more  bile-ducts,  an  offshoot  from  which  may 
become  enlarged  and  give  rise  to  a  receptacle,  the  gall-bladder. 
The  duct  from  this  is  known  as  the  cystic  duct :  it  is  connected  in 
various  ways  with  the  s)rstem  of  hepatic  ducts  from  the  liver,  and 
thus  may  form  a  common  hUe-duct  opening  into  the  intestine^ 
(Figs.  256,  257). 


PANCREAS. 

The  pancreas  arises  from  the  proximal  portion  of  the  small  in- 
testine, uear  the  liver,  in  the  form  of  several  independent  endo- 

^  On  the  metamorphosis  of  the  ammoccete-larva  of  the  Lamprey,  the  single- 
lobed  liver,  like  the  intestine,  undergoes  a  peculiar  modification  and  partial 
degeneration.  It  is  at  first  of  a  typical  tubular  structure,  and  possesses  bile- 
ducts  and  a  gall-bladder ;  the  bile-capillaries,  ducts,  and  gall-blaoder  gradnaUy 
disappear,  and  at  the  same  time  the  blood-capillaries  become  enlarged  and  more 
completely  surround  the  cell-trabeculae,  so  that  a  change  of  function  probably 
occurs. 
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dermic  outgrowths.  These  are  respectively  doreol  and  ventral  in 
position,  and  in  most  Craniates  one  dui-sal  and  two  ventral 
rudiments  can  be  recognised,  of  which  one  or  more  may  undergo 
reduction  or  fusion  later,  so  that  the  number  of  ducts  opening  into 
the  intestine  varies  in  the  different  grouM:  there  may  be  only 
one,  or  there  may  be  several  {e.g.  Binls,  Crocodiles,  Emydfe,  and 
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Dcy,  cjRtic  ducts,  which,  together  with  the  hepatic  ducta  [Dh),  form  a  network 
from  which  three  coUoctmg  ducts  ariae,  ancl  these  unite  to  tona  the  coinnioD 
bile-duct  (/>r) :  the  latter  paBses  through  the  aubatance  of  the  pancreas  (/*), 
receiving  further  hepatic  ducta  [Dh'),  and  the  pancreatic  ilucts  (/") ;  at  Dc* 
it  becomea  free  from  the  pancreaa,  and  Daaaes  liauk  to  open  into  the 
duodenum  {thi)  at  Z>e'  ;  O,  gall-bladiler  ;  L,  L*,  L',  the  lobes  of  the  tiver 
tamed  forwards ;  Lhp,  duMono- hepatic  omentum ;  M,  alomach  ;  Py, 
pylorua. 

some  Mammals).  In  sonic  case«  the  ducts  communicate  with  the 
bile-duct '  (Fig.  257). 

Varying  much  in  form  and  sikc,  the  pancreas  early  gives  rise  to 
a  band-shaped  or  more  or  less  lobulated  and  very  vascular  organ, 

'  The  large  digestive  gluiuls  arc  twid  t<>  appear  ontogi-netically  in  the 
following  order:  I,  liver;  i,  durmtl  pancienai.^,  veiiti'al  pancreas.  Phylo- 
geneticall]'  the  order  is  :  1 ,  liver  (Aniphinxiia,  Cyclostoiiiata) ;  '1,  liver  and  dorsal 
pancreas  (ElaBmobroucliii) ;  3,  liver,  unil  iliirsal  +  ventnil  pancreas  (moat  other 
Vertebratee,  including  Amphibia,  tjauropsida,  and  Mammalia). 
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its  greater  part  usually  lying  in  the  fold  of  the  duodenum.  In 
some  eases  it  remains  embedded  within  the  wall  of  the  gut  {e,g, 
Protopterus,  of.  Fig.  247).  Amongst  Teleosts  it  may  be  in  part 
surrounded  by  the  liver :  in  part,  however,  it  does  not  form  a  com- 
pact gland,  but  has  the  form  of  scattered  lobules  extending 
throughout  the  mesentery.     It  is  unrepresented  in  Amphioxus. 

In  Petromyzon,  a  pancreas  is  developed  in  the  embryo,  and  is 
embedded  in  the  wall  and  spiral  fold  of  the  gut  and  in  the  dorsal 
portion  of  the  liver.  In  Myxine  and  Bdellostoma  also  a  glandular 
organ  can  be  recognised  in  the  neighbourhood  of  the  bile-duct, 
into  which  its  lobules  open  independently.^ 

^  The  histological  structure  of  this  organ  in  Cyclostomes  resembles  that  of 
the  peculiar  **intertubular  cell-masses '*  or  '*  islets  of  Langerhans"  present 
amongst  the  oixlinary  pancreatic  tubules  of  other  Vertebrates.  These  are  of 
epithelial  oriein,  but  have  no  ducts  :  they  probably  pour  their  secretion  into  the 
surrounding  lymph-vessels  and  blood-vessels,  and  may  be  included  under  the 
category  of  **  glands  with  internal  secretion''  (cf.  p.  247).  It  has  been  suggested 
that  the  pancreas  may  represent  phylogenetically  two  distinct  glands,  the  more 
primitive  of  which  is  alone  present  in  Cyclostomes,  while  in  other  Vertebrates  it 
has  been  largely  replaced  by  the  pancreas  proper. 


O.     ORGANS  OF  RESPIRATION. 

The  typical  respiratory  organs  of  Vertebrates  are  closely  con- 
nected with  the  enteric  or  alimentary  canal  both  as  regards 
position  and  development,  and  are  of  two  kinds,  gills  and  lungs. 
The  former,  as  the  phylogenetically  older  organs,  are  adapted  for 
aquatic  respiration,  and  are  connected  with  the  pharynx  in  the 
region  of  the  visceral  clefts :  the  latter  always  anse  as  sac-like 
outgrowths  of  the  pharynx,  which  grow  backwards  so  as  to  lie 
within  the  body-cavity. 

Both  gills  and  lungs  may  be  developed  in  the  same  individual, 
but  are  usually  not  functional  at  the  same  time.  Both  are  sup- 
plied with  venous  blood  which  becomes  oxygenated  while  passing 
through  their  capillaries. 

The  swim-bladder  or  air-hladder  present  in  many  Fishes,  and 
acting  as  a  hydrostatic  organ,  arises  in  a  similar  manner  to  the 
lungs — that  is,  as  an  outgrowth  from  the  fore-part  of  the  aliment- 
ary tract :  it  usually  receives  oxygenated  blood  from  the  aorta,  and 
venous  blood  passes  from  it  into  the  cardinal,  hepatic,  or  hepatic 
portal  veins ;  but  in  some  cases  (e.g.  Bony  Ganoids  and  certain 
Teleosts)  it  may  act  as  an  accessory  respiratory  organ. 

In  some  cases  also  the  oral  and  pharyngeal  mucous  membrane 
{e.g.  certain  Amphibians),  or  the  intestine  {e.g.  certain  Siluroid 
Fishes),  may  take  part  secondarily  in  respiration,  and  the  integu- 
ment may  be  very  important  in  this  respect  {e.g,  in  Amphibians). 

I.  GILLS. 

The  gills  arise  in  connection  with  a  series  of  laterally-arranged 
outgrowths  of  the  pharynx  lying  one  behind  the  other,  which  be- 
come open  to  the  exterior.  Passages  or  clefts  separated  by  septa 
are  thus  formed  for  the  water  entering  by  the  mouth,  and  in  order 
that  oxygen  may  become  absorbed,  leaf-like  or  thread-like  vascular 
processes,  the  inter7uil  gills  or  branchiee,  become  developed  in  the 
region  of  each  cleft.  Apart  from  these,  extcimal  gills  sometimes 
occur,  and  in  certain  cases,  both  kinds  arc  developed  in  the  same 
animal. 

In  the  development  of  the  internal  or  enteric  gills,  the  endo- 
derm   plays  the  chief  part  as  the  lining  or  covering  layer,  the 
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ectoderm  being  limited  to  the  outer  parts  of  the  branchial  septa  and 
only  being  of  secondary  importance.  The  true  external  or  integu- 
mmtary  gills  arise  as  projections  of  the  surface,  covered  by  ecto- 
derm, at  points  between  which  the  clefts  are  subsequently  rormed, 
but  it  has  recently  been  maintained  that  the  endoderm  takes  part 
in  their  formation  also. 

Fishes  possess  gills  throughout  life.  Amongst  Amphibians  this 
is  only  the  case  in  the  Perennibranchiata :  all  the  others  simply 
pass  through  a  gilled  stage,  and  later  nearly  always  breathe  by 
means  of  lungs. 

Thus  the  study  of  this  one  Order  furnishes  us  with  an  excellent 
representation  of  the  course  of  phylogenetic  development  through 
which  all  the  higher  Vertebrates  must  have  passed,  and  which 
is  still  indicated  in  them  by  the  appearance  m  the  embryo  of 
gill-clefts  and  gill-arches  with  a  corresponding  arrangement  of 
the  blood-vessels :  these  occur  throughout  the  entire  series  of  the 
Amniota — that  is,  in  forms  in  which  they  no  longer  possess  a 
respiratory  function.^ 

AmphiozuB. — The  small  mouth  leads  from  the  cavity  of  the  oral 
hood  into  that  of  the  pharynx,  and  is  provided  with  a  muscular 
fold,  the  velum.  The  numerous  (80 — 100  or  more)  gill-clefls, 
which  are  arranged  in  pairs  and  supported  by  elastic  cuticular 
rods,  extend  backwards  nearly  to  the  middle  of  the  body.  At  first 
they  open  freely  to  the  exterior,  but  at  a  later  period  of  develop- 
ment they  become  enclosed  by  a  paired  fold  of  the  integument 
which  gives  rise  to  an  airial  or  peribranchial  cJiainber,  opening  by 
a  single  pore  situated  somewhat  behind  the  middle  of  the  body 
(for  details,  cf.  Fig.  258). 

The  relative  extent  of  the  branchial  apparatus  is  considerably 
limited,  even  in  the  lowest  Craniata,  as  compared  with  Amphioxus. 

CycloBtomeB.' — In  the  Ammocoete-larva  of  the  Lamprey  the 
oesophagus  is  continued  directly  backwards  from  the  pharynx 
(Fig.  259,  a),  and  at  the  anterior  end  of  the  latter  there  is  a 
muscular  velum,  covered  by  the  mucous  membrane  (Fig,  260). 
The  seven  gill-sacs  provided  with  leaf-like  folds  of  mucous  mem- 
brane which  are  present  in  the  Ammocoete,  persist  in  the  adult ; 
but,  with  the  formation  of  a  suctorial  mouth,  the  portion  of  the 
oesophagus  into  which  they  open  becomes  closed  posteriorly, 
the  gullet  apparently  growing  forwards  above  the  latter,  and 
joining  the  mouth-cavity  at  the  velum.     Thus  two  canals  pass 

^  Thus  indications  of  five  or  six  clefts  are  seen  in  the  erabryoe  of  most 
Reptiles,  and  of  five  in  Birds  and  Mammals ;  in  many  cases,  however,  they  do  not 
become  open  to  the  exterior.  Their  order  of  disappearance  is  from  behind  for- 
wards, and  the  most  anterior  (mandibulo-hyoid)  cleft  persists  in  a  modified  condi- 
tion even  in  the  adult,  undergoing  a  change  of  function  in  connection  with^  the 
auditory  organ  (p.  294).  Certain  of  the  anterior  arches  persist  in  a  modified 
fonn  (cf,  under  Skull  and  Larynx). 


Ii,  e,  reiilricica  of  the  mill-  and  himt-hrain ;  Ch,  notochord  ;  jK/i,  ,  ,  _ 
HH,  ML^  liiud-broin ;  Jt\f,  infunililialam  -.  K,  K,  K,  the  three  anterior  g 
^V,  domI  snc  :  0.  ■ubdural  cuvity  ;  P,  papilla:  of  uiqcoim  membrane  ;  R,  ■] 
(.■ord  :  Th,  thyitiid  (hypobrancliiAl  furrow);  V,  velum;  *,  conimuiuai 
tietween  the  ventricle  ol  the  olfactor;  lube  BDil  thai  of  the  telencephalon  . 

which  unite  ti>  form  a.  common  duct  on  either  side ;  this  oiiens  (ar 
behind  the  branchial  apparatus  on  the  ventral  side  of  the  body, 

'  In  Bdclloatoma  there  are  usoallv  aix  or  seven  pairs  of  branchial  *aca,  and 

behind  these,  on  the  left  side,  nn  ir'op&ij/eo-cu/anfOKjt  duel  opens  directly  iiit«  tt» 

ph&rynx.   aa  is  also  IIib  csobu  iu  Myiine.     Bdello«t<nn8  biecbolfi  and  B.  f'~~ 

poaaeas  eleven  or  twclvu,  and  B,  poVjUcmik  \UitWen  or  fourteen  pkira  a 

pouobea. 
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Flshei. — lu  the  tnie  Fishes  the  gills  come  into  cloeue  relation  I 
with  the  visceral  arches,  and  in  Elasniobranchs  they  consist  of  ' 
closely  apprDsiinutcd  tmnswrse  liitiiina',  which  are  tirmly  attached  I 
to  both  sides  of  the  septa  extending  outwards  from  the  ai-chcs  axul 
Repamting  the  individiial  gill-sacti  from  one  another,  «o  that  each 
HCptiim  bears  a  half-gill,  or  hcviihrani-h,  on  both  its  anterior  and  I 
postirior  surface  (Figs.  2fil.  A,  and  2(i2),     A  gill,  or  holahmnc/i , 


•..  :Ml.-I)iBHccti<>ii  of  the  hend  frDm  tlie  <Unal  sids  of  A,  an  Elisniobrttiioh 
iJCyn^'ua  miill'ii'),  nnd  B,  n  Trieont  IQwIiik  •ff/lrlliiu'\  ti>  show  the  lirnnchial 
Apparittii*.  Ill  IkiiIi  ligiire*  the  branehinl  *roliea  im  ilie  left  siile  ari:  shown 
cut  Ihivugh  hurinjDtitll}'.     (Pruiii  R.  Herlwjg's  Zoolonn.) 

do,  pxtcnml  1i»ncbial  apertui'C* ;  h,  V>rBiii*liiuI  arch  i  'J',  br>,  hemjliriuifhii  i 
A,  iirancliiiil  Mptuni  i  Am,  liymituiilihiilitr ;  I'l,  intenul  liruichial  npcrtiirm 
anil  gi1l>rnkerii :  ni.  or»l  ravity  i  iho,  iiiAxilU ;  o.  iNopho^a  t  oji.  nmrculiini ; 
"y,  upercaUr  apvrtiirv  ;  /«.  palatine :  fhi,  inferior  pbarj^ng^AJ  imno  i  Pi, 
pttlst'H)ua(U'ate,  Biiil  n.  its  connection  with  tho  craniuin  aiitciiorly ;  iirm, 
pretnaxilU :  ;  pei^toTal  iiroh  ;  Hjt,  lower  jaw ;  :,  toiigtic. 

thus  cofisists  of  tho  bmnchial  septum  and  arch  pluK  the  [Ktsterior 
hemibranch  of  the  site  in  front  of  it  and  the  anterior  hemibranch  of 
the  following  sac.  The  gilUsacs,  of  which  trhere  are  commonly  five 
in  Plagiostomes,'  open  sepamtely  to  the  exterior,  and  a  vcatigial 


]  the  spir 


r'hlniiiydcuielii'tms 


,  lANE  imm.  ?,Tto!>w;a  M'm^osjw 
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gill-cleft  known  as  the  spiracle  (p.  88),  is  nearly  always  present 
more  anteriorly,  between  the  mandibular  and  hvoid  arches.  In 
the  Holocephali  the  spiracle  is  wanting,  and  there  are  only  four 
clefts  and  three  holobranchs  in  addition  to  hemibranchs  on  the 
hyoid  and  fourth  branchial  arch  ;  moreover,  an  opercular  membrane 
is  present,  covering  the  external  branchial  apertures  and  opening 
by  a  slit  posteriorly.  In  Chlamjdosolachus  fringed  folds  from  the 
hyoid  and  interbranchial  septa  project  over  the  clefts. 

In  Ganoids  and  Teleosts  there  are  no  longer  chambered  gill- 
sacs.      The  septa    on    which  the  gill-laminae  are  borne   become 

greath'  reduced,  so  that  the  apices  of  the 
latter  extend  freely  outwards :  the  whole 
branchial  region  is,  moreover,  covered  over 
by  the  operculum  and  branchiostegal 
membrane  (cf  pp.  89  and  94),  and  thus, 
as  in  the  Holocephali,  the  gill-slits  open 
into  a  common  branchial  chamber,  which 
communicates  with  the  exterior  by  a 
single  slit-like  aperture  on  either  side 
(Figs.  261,  B,  and  262).  A  spiracle  is 
present  in  Acij^enser,  Polyodon,  and  Poly- 
pterus  amongst  Ganoids. 

The  mechanism  of  respiration  in 
Teleosts  is  as  follows.  In  inspiration,  an 
expiinsion  of  the  oral  cavity  takes  place 
by  the  opercular  apparatus  being  raised, 
the  branchiostegal  membrane  at  the  same 
time  moving  inwards  so  as  to  close  the 
opercular* slit.  An  elastic,  valve-like  fold 
of  the  mucous  membrane,  enclosing 
numerous  smooth  muscle-elements,  is 
present  in  the  maxillary  region  projecting 
downwards  from  the  roof  of  the  mouth, 
and  a  similar  fold  arises  from  the  floor 
of  the  mouth  in  the  mandibular  region. 
On  the  expansion  of  the  oral  cavity  and 
closure  of  the  branchiostegal  valve,  the 
pressure  of  the  water  causes  the  maxillarj^ 
and  mandibular  valves  to  open  inwards, 
and  thus  to  admit  the  inspirator}'  current  (Fig.  263,  a).  The 
movements  of  expiration  then  follow  by  the  contraction  of  the 
opercular  apparatus,  which  causes  the  water  in  the  mouth  to  press 
on  the  maxillarj'  and  mandibular  valves  and  thus  close  tnem, 
while  the  branchiostegal  valve  is  opened  (b).  Thus  the  mechanism 
of  these  valves  is  quite  similar  to  that  of  the  valves  of  the  heart, 
and  the  respiratory  current  is  produced  by  the  contraction  of 
the  walls  of   the  mouth,  which  act  like  a  pump. 


Fig.  262.  —  Transverse 
Section  THRorcH  a 
Hoi^BRANCii  OF  Zyf/ffua 
(on  the  Ric;ht)  and 
GaduM  (ON  THE  Left). 
Slightly  Enlar(»ed. 
(From  R.  Hertwig's 
Zoofo*jt/. ) 


a 


,  afferent,  and  #%  efferent 
branchial  vessels ;  b, 
branchial  arch  ;  /;/',  an- 
terior, and  ItT^,  posterior 
hemibranch  of  the  gill; 
A,  septum  ;  a-,  cartilagin- 
ous gill-ray  ;  2,  gill- 
rakerx. 


Asa  rule  Teleosts  possess  only  four  holobranchs,^  and  thi»  holds 
good  for  all  Ganoids.  A  vestigial  gill  or  pscuddbranch  is  present 
on  the  anterior  wall  of  the  spiracle  of  many  Elaamobrancns  and 
of  cartilaginous  Ganoids  {mandibular  pseiidobranch) ;  the  posterior 
hyoid  hcmibranch,  which  is  functional  in  Acipcnser  and  Lepi- 
dosteus,  becomes  more  or  less  reduced  in  other  Ganoids  and 
Teleosts,  forming  the  so-called  opemilar  pseiidobranch.     Traces  of 


.  phase  of  iiupirotion  ;  B,  phMe  of  exj^iration.  In  both  figures  the  & 
oral  p^rl  (nii.-.oria)  represenlB  ■  vertical  section,  and  the  posterior  pharyii- 
geul  part  enclosing  the  gilU  {Kiemtn)  a  horizontal  section.  The  arrows 
indicate  the  direction  of  the  water- ourrent  and  pi-essure,  uid  those  pauing 
througli  the  walls  of  the  oral  cavity  the  expansion  and  contraction  of  Uie 
opercular  apparatus.  In  A,  the  oiaxilUry  and  mandibular  valves  are  open, 
anil  the  branchiostegal  membrane  closed  :  in  B,  this  condition  is  reversed. 


a  cleft,  lying  behind  the  functional  branchial  clefts,  are  found 
in  the  embryos  of  certain  Fishes  and  Amphibians.  All  these  facts 
indicate  the  presence  of  a  more  extensive  branchial  apparatus  in 
ancestral  forms.  (Forthesieve-like(?i//-TOtera,cf. Figs,  261  and  262.) 
In  the  Lophobranchii  the  gills  are  replaced  by  tufted  processes, 
and  in  many  Telcostei  certain  accessory  structures  are  developed 
in  the  posterior  region  of  the  branchial  chamber  by  a  modification 


•r  two,  and  e' 


n  these  may  be  mon 
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of  the  branchial  cavities  and  skeleton.'  These  serve  to  retain 
water  and  air,  and  thus  the  Fish  is  able  to  breathe  for  some 
time  out  of  the  water  (Anabas,  Saccobranchus,  Heterobranchus, 
Clarias). 

The  Dipnoi,  as  their  name  implies,  possess  both  gills  and 
ItiDga,  the  latter  alone  being  functional  in  Frotopterus  and 
Lepidosiren  during  the  torpid  period  (p.  20).  The  internal  gills 
are  covered  by  a  small  operculum.  In  Ceratodus  there  are  four 
holobranchs  on  the  first  four  branchial  arches  as  well  as  a  "  hyoid 
hemibranch"  (which  perhaps  belongs  to  the  first  branchial  arch); 
the  gill-lamellse  extend  round  the 
XB  clefts,  so  that  the  hemibranchs  of 

each  cleft  are  continuous.  In 
Protoptenis  and  Lepidosiren  a  re- 
duction of  these  organs  has  taken 
place,  gills  being  absent  in  the 
former  genus,  for  example,  on  the 
first  ana  second  branchial  arches ; 
there  is,  howevei',  in  addition,  an 
anterior  hemibrancli  on  the  fifth 
^^  branchial  ai-ch,^ 

„       „,     „  ""  In   embryos   of    Elasmobranchs 

Fig.    264.— ExTBBSi*!.   GiLia   of  ,  _.   -         m  i       ,       /rt  . 

Labva  of   asmnarck,m  uUo-    aid     certam     Teloosts    (Heterotis, 

tieiu,  4  Dat8   AfTER    Hatch-     Oymnarchus,  Fig.   264),  long,   vas- 

iNu.    (Afterj.  s.  Buiigett.)        ^ular,  thread-like  "external   gills" 

DS,  yolk  sac ;  KB,  external  gliu.    arise   from    the    endoderm   of  the 

clefts  and  extend   backwards   over 

the  body.     In  the  larval  Polypterus  and  Calamichthys  there  is  a 

single  true  (integumentary)  external  gill  on  either  side  in  the 

hyoid  region,  which  differs  markedly  from  those  just  described, 

and  coDsiste  of  a  main  stem  giving  off  a  double  row  of  filaments 

and  supported  at  its  base  by  cartilage  (Fig.  265,  b).     In  larvse  of 

Frotopterus  and  Lepidosiren  somewnat  similar  external  gills  are 

present,  but  are  four  in  number  on  cither  side  and  are  situated  on 

the  branchial  arches  (Fig.  265,  a).     Of  these,  vestiges  of  the  three 

upper  ones  persist  in  Frotopterus  even  in  the  adult. 

Amphibiana. — In  the  embryos  of  Uro<lt-les,  indications  of  five 
gill-clefts  can  usually  be  recognised,  but  tho  most  anterior  (hyo- 
mandibular)  cleft,  as  in  other  Aiuphibians,  does  not  become  open 

'  Other  pcrta  niny  also  liecome  moditicd  tu  serve  as  accessor}'  respiratory 
or^ii.i.  Thus  in  Cobitis  and  CallichthrB  iiitfialiiial  rcsiiinition  tokei  place  ;  and 
in  MonQptenis  javunenBia  (whicii,  like  PmUipterus  and  Lepidosiren  amonnt  the 
Dipnoi,  paBses  tlirough  a  lorpid  period  in  holes  in  the  ground  during  Uie  dry 
season)  buoi-al,  pharj'ngeal,  and  intestinal  reapinition  occur,  and  intereating 
modifications  of  the  blocM  vessels  are  seen. 

'  Ct.  Note  on  p.  97.  There  are  live  clefts  in  Ceratoiliis  and  ProtopteniB. 
and  four  in  Lepidosiren.  It  is  prohalde  that  the  hj'oliranchial  cleft  is  cloaed  in 
Protopterns.  as  is  the  case  in  Lepidosiren;  the  spintcular  clefl  does  not  beoome 
perforated  in  the  einbrvo. 
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to  the  exterior ;  they  are  covered  over  by  an  opercular- like  fold  of 
thu  »kin,  thus  leaving  only  a  single  aperture  externally.  In  the 
larvffi,  as  well  aa  In  adult  Perenni branch iates,  there  are  three 
external  gill-tnfts  in  connection  with  the  three  antt-ri'ir  branchial 
arches,  lying  one  over  the  other;  these  extend  backwards,  pro- 
jecting freely  to  the  exterior,  and  are  unsupported  by  cartilage. 
Each  consists  of  a  main  axis  with  secondary  branches,  so  that  the 
gills   have   the   form  of  tufts   or  delicately  branched  structures 


showing  the  most  varied  ari-angements  for  increasing  the  respira- 
tory .snvface  (cf  Fig.  266).  These  external  gills  must  not  be 
confused  with  the  internal  gills,  which  are  wanting  in  all  Urodeles. 
They  are  acttrd  on  by  a  complicated  system  of  muscles  and  are 
covered  by  ciliated  epithelium,  which  serves  to  keep  up  a  continual 
current  in  the  suiTounding  mt^liuni. 

The  gills  are  lost  at  metamorphosis  in  the  Dei-otremata  and 
Myctodera.  In  larval  Myctodera,  as  mentioned  above,  there  are 
Hve  open  clefts,  all  of  which  disappear  at  metamorphosis.     In  the 
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Perennibranchiata,  the  most  anterior  (hyobranohial)  cleft  becomes 
closed  in  Siren ;  in  Necturus,  Proteus,  and  Typhlomolge,  the  most 
posterior  also  disappears,  while  in  the  Derotremata  {f.g.  Am- 
phiuma)  only  one  remains,  viz.  that  between  the  third  and  fourth 
arches,  and  this  not  in  all  cases.  In  this  respect,  therefore,  the 
Myctodera  are  the  most  primitive,  and  there  is  every  reason  for 
assuming  that  the  Perennibranchiata,  though  retaining  certain 
larval  characters,  have  been  derived  from  caducibranchiate  forms. 

In  Anuran  larva,  the  three  pairs  of  external  gills  are  less 
complicated  than  those  of  Urodeles  (cf  Fig.  266),  and  are  soon 
replaced  by  internal  gill-tufts  situated  in  the  three  branchial 
clefts.^  By  the  growth  of  opercular  folds,  which  contain  no 
skeletal  parts,  the  external  respiratory  aperture  of  either  side 
becomes  gradually  reduced  in  size,  and  the  two  branchial  chambers 

ABC         D      E  F 


A,  rod-like,  unbranched,  primitive  form,  retWDed  in  the  adult  of  ceiiAiD  Anura 
(e.g.  Xenopas).  B,  form  in  which  there  is  only  a  single  Berie»  of  brsnchea 
(Anurn).  C,  feather-form,  with  two  opposite  series  of  branches  (Derotremata  ; 
this  form  is  also  primarily  met  with  in  the  Gymnophiona  and  in  embryos  of 
Myctodera).  D,  wedge-shaped,  unbranched  axis,  on  the  lower  border  of 
which  the  gill-lilamente  arise  in  rows  (embryos  of  most  Urodeles).  K,  leaf- 
like,  unbranched  anis,  on  which  the  filaments  increase  in  number,  and  are 
arranged  in  four  rows  on  the  surface  as  well  as  on  the  edges  (Axolotl-stAge 
of  Amblystoma,  NecturuaJ.     F,  branched  axis  (Proteus,  Siren). 

usually  open  eventually  by  a  single  aperture,  which  is  situated 
either  in  the  median  ventral  line  (Bufo,  Bombinator)  or  laterally 
(Rnna).  The  larvse  of  the  Gymnophiona  also  possess  external  gills, 
which  in  Epicrium  glutlnosum,  for  example,  are  feather-Uke.' 

'  The  so-calle<l  internal  gills  of  Anura  are  said  to  correspond  to  a  sei-ies  of 
ontorowths  from  the  bases  of  the  external  gills,  and  thus  not  to  be  comparable 
with  the  endodernial  Kills  of  Fishes. 

^  The  external  gills  of  Amphibia  present  a  great  variety  of  form,  often 
resulting  from  adaptation.  Thus,  in  the  intra  uterine  larvie  of  the  viviparous 
Salamandra  atra,  they  reach  a  length  of  5-6  centimetres  j  in  Ciecilia  oom- 
presaicauda  they  consist  of  two  large,  flattened,  vascular  folds,  which  apparently 
cover  the  boily  of  the  larva  like  a  mantle ;  and  in  Notodelphys  (Nototrema) 
amongst  Anurans,  in  which  the  larvte  undergo  development  in  the  poucii  on 
the  l^k  of  the  mother,  they  are  bcll-shapeil  and  staked.  In  certain  other 
Batrauiiians  in  which  there  is  no  free  larval  stage,  it  appears  that  respiration 
■nay  take  place  before  hatching  by  means  of  the  broad  and  vascular  tail  (Hylodes 
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II.  SWIM-BLADDER  AND  LUNGS. 

1.  The  Swim-Bladder. 

As  already  mentioned  (p.  351),  the  lun^  and  swim-bladder  are 
developed  in  a  similar  manner,  and  only  differ  from  one  another  in 
the  fact  that  the  former  always  arise  from  the  ventral  side  of  the 
pharynx,  and  the  latter  usually  on  the  dorsal  side.  The  various 
attempts  which  have  been  made  to  trace  the  phylogenetic 
connection  between  swim-bladder  and  lungs  have  so  far  not  been 
completely  successful.  It  has  been  supposed  that  the  dorsal  origin 
of  the  former  has  come  about  by  a  process  of  rotation :  on  the 
other  hand,  it  may  be  that  the  two  organs  are  not  strictly 
homologous,  each  having  arisen  independently  from  a  similar 
outgrowth  at  a  different  point  in  the  alimentary  tube.  In  this 
case,  the  so-called  swim-bladder  of  Polypterus  would  be  directly 
comparable  to  the  lungs  of  Dipnoans  and  higher  forms  rather 
than  to  the  swim-bladder  of  other  Fishes. 

The  exact  point  of  origin  of  the  swim-bladder  from  the  ali- 
m on tiiry  canal  varies,^  and  its  duct  (diictics  pneumaticics)  may  either 
remain  open  throughout  life,  as  in  Ganoids  and  some  Teleosts 
(Physostmni),  or  it  may  later  become  reduced  to  a  solid  fibrous 
cord  or  even  entirely  obliterated,  as  in  other  Teleosts  (Physoclisti), 
In  the  latter  case  there  is  no  communication  between  the  swim- 
bladder  and  the  external  air,  and  the  contained  gas  must  therefore 
be  given  off  from  the  walls  of  the  swim-bladder  itself:  this  has 
been  shown  to  be  the  case  amongst  Physostomi  also.  In  certain 
of  the  latter,  vascular  "  red-bodies  **  are  present ;  in  others  and  in 
the  Physoclisti,  gland-tubules  are  present  amongst  the  vascular  net- 
works or  "retia  mirabilia,"  and  the  number,  relative  size,  and 
position  of  these  gas-glands  varies  in  different  forms.  Diffusion 
of  gas  (probably  mainly  oxygen)  into  the  bladder  takes  place  in 
certain  thin,  oval  regions  lined  by  a  flat  epithelium  and  provided 
with  regulating  dilator  and  sphincter  muscles. 

A  swim-bladder  is  wanting  in  Amphioxus,  Cyclostomes,  and 
Elasmobranchs,  and  in  other  Fishes  varies  much  in  form  and  in  its 
relations  to  surrounding  parts  (alimentaiy  canal,  blood-vessels 
skeleton).  As  a  rule,  it  lies  above  the  peritoneum  on  the  dorsal 
side  of  the  body-cavity,  between  the  vertebral  column,  aorta,  and 
kidneys  on  the  one  hand,  and  the  alimentary  canal  on  the  other, 
and  is  invested  by  the  peritoneum  on  the  ventral  side  only.     It  is 

martiiiiccncis)  or  folds  of  the  Ixxly-wall  (Rana  opisthmlon).  In  XenopuB,  tho 
Itranched  tentaelcH  at  the  angles  of  the  mouth  are  said  to  have  a  respiratory 
function,  and,  like  the  "balancers"  of  Urodeles  (of.  note  on  p.  271),  may  corre- 
spond morphologically  to  the  external  gill  of  the  first  visceral  arch. 

^  In  Krythrinus  it  arises  laterally,  and  in  some  Physostomi  {e.g.  Herring) 
it  opens  further  back,  into  the  stomach. 
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ore  or  less  sac-like  in  form,  is  only  exceptionally  paired,  and 
lually  extends  along  the  whole  length  of  the  body-cavity ;  its 
walls  are  composed  of  connective, 
clastic,  and  muscular  tissue.^  In 
some  Teleostei  the  swim-bladder 
is  transversely  constricted  so  as 
to  form  several  successive  divi- 
sions ;  in  other  cases  it  may  give 
rise  to  a  more  or  less  numerous 
series  of  cfecal  processes.  Its 
internal  surface  may  be  either 
smooth  or  spongy  (Fig.  267)  ow- 
ing to  the  formation  of  a  mesh- 
work  of  trabeculte,  the  structure 
of  which  resembles  that  of  the 
lungs  of  Dipnoi  and  Amphibia, 
and,  as  already  stated,  it  has  a 
respiratory  function  in  some 
cases. 
Attention  has  already  been  directed  to  the  relations  which 

may  exist   between   the   swini-bladdcr  and   the  auditor}'  organ 

(cf.  p.  297X 


[1,    '267.  —  Internal    ISurfacr  of 
ras  AiK-Di^DnKK  (IT  LEPinosTErn, 

(BOWINO  THK  TRABKCrL.e. 

H,  libroOB  longituiliiial  band. 


2.  The  Luxgs. 

The  litngs  arise  at  the  hinder  border  of  the  branchial  region  of 
the  phar}-nx.  Tht^ir  phylogenetic  histot^'  is  not  clear,  and  the 
view  that  they  arose  primarily  from  visceral  clefts  does  not  seem 
to  be  a  yen-  pmbable  one. 

On  the  first  appearance  of  the  lung- rudiments,  the  pharynx 
becomes  latentlly  compressed  immediately  above  the  tiflh  or  sixth 
arterial  arch,  and  divided  by  a  longitudinal  horizontal  fold  into  a 
dorsal  and  a  ventral  portion,  the  latter  of  which  gives  rise  to  a 
blind  sac,  opening  anteriorly  by  a  wide  aperture  into  the  former 
and  lined  by  ondoderm  (Fig,  2GS\  A  longitudinal  vertical  furrow 
is  then  formed,  dividing  this  primitive  hing-sac  into  ri^t  and 
left  halvi's:  the  narrower  proximal  portions  of  these  represent 
the  primitive  hnmchi,  which  communicate  with  the  pharvTis  by 
a  short  tube,  the  primitive  windpipe  or  Iraehm.  The  proximal 
end  of  the  latter  sub»<t|uently  becomes  differentiated  to  form  a 
liiriiHJc.  or  orsan  of  voice,  which  opens  into  the  pharros  on  its 
ventral  side  by  ntoans  of  a  slit-like  ajieniire.  the  glotlis.  The 
lungs  are  therefore  phyiogenetically  older  organs  than  the  bronchi, 

*  In  IXti-lvkiplt'niif  vi^itan:!!.  the  l«o  halvt^  .->f  thr  sviui-btaakkr  exlrad 
hrjvihi  th*  ^riH-nl  iit'lonH;  into  s]>ev-ttl  vsiitiiw.  »od  xhr  .v^an  i*  coverol  by 
UkniK  Iwny  jilalvs.  lu  the  <lymiM>ilonl$  it  •!.  IHcxIun,  Tr-tn-d- it>.  tbe  wbole 
iHxpIut^f  i^  ii*lMNr  »f  irtHt  ili^leDsion. 
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trachea,  and  larynx,  and  this  fact  is  supported  by  a  study  of  their 
comparative  anatomy. 

Hollow  outgrowths  and  buds  arise  from  the  endoderra  lining 
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Fuj.  268.— A,  B,  C,  Diagrams  showing  the  Mode  of  Devklopmknt  of  the 

Luxcis. 

//,  broncliuH ;  PD^  primitive  alimentary  tulje ;  *S',  .SH,  the  lung-sacs,  which  are  at 

first  unpaired  ;  t^  trachea. 

the  primary  central  cavity  (**  intrapulmonarj'  bronchus  ")  of  each 
lung:  these  extend  into  the  surrounding  vascular  mesoderm,  which 


Fl(}.    269.  — I)IA(]KAM.S   ILLUHTRATINO   THE    BUDniN(}   OF  THE    BrONCHI   IN   THE 

1)evei/)I'IN(i  LfNO  OF  Emys.     (After  Fanny  Moser.) 

A,  buds  fmm  the  intrapulmonary  bronchus  arc  shown  extending  into  the  lung- 
waH.  B.  The  intrapulmonarv  bronchus,  which  stiU  forms  a  narrow  tube 
extending  through  the  whole  length  of  the  lung,  has  given  off  a  number  of 
primary  pulmonary  vesicles  extending  into  the  thick  wall  of  the  latter.  C. 
By  a  markiHl  thinning-out  of  the  lung-wall,  the  vesicles  fonn  chambers,  of 
which  four  dorsal  (f/)  and  four  ventral  (r)  are  visil)le,  each  of  which  has 
developeil  secondary  buds  (A^) ;  the  bronclius  itself  has  become  enlarged 
and  Kiven  rise  to  a  ternn'nal  cham1>er  {EK).  D.  Lung  of  adult.  The 
chamTiers  have  Ixu^ome  enlarged  an<l  are  separated  from  one  another  merely 
by  narrow  septa,  corresponding  to  the  reduced  lung- walls :  the  secondary 
butls  have  given  rise  to  buds  of  a  third  onler,  which  fonn  the  lung-crypts, 
and  the  terminal  chundter  {EK)  is  enlarge<l. 

gives  rLse  to  muscular  fibres  and  connective  tissue,  and  thus  a 
branched  system  of  ciwities  communicating  with  the  bronchi   is 
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gradually  formed  (secondary  and  tertiary  bronchi,  See).     The  eii<^ 
of  these  branches  are  swollen,  forming  crypts  known  as  iiifundihala,^ 
which  are  made  up  of  a  uuTnber  of  cUveoli  and  are  suiTounded  by 
blood -capillaries,  through  the  thin  walls  of  which  the  interchange 
of  respiratory  gases  takes  place  (Figs.  269  and  270).     The  bronchi 


FUI.    ^0.— itIAIJRASI    "t    TFIE    E«imVllM<-    Hi'MAS     LrMi,      <     SI). 

lAfUT  W.  HiH.  I 
Ap,   pulmonary  artery;    lb,   piilnionnry  veaicle  unilergoing  division;   Ir,   t 

pBHSBge  ;  ir.   middle  lobe  of  Ibe  lung  i  O,  riglil  anterior  upper  lobe  withfl 
ita  "epartetial"  bronohiis;   O",  left  anterior   lobe  with  itj)  " liyparteriaJ "" 
bronchus  ;  *p,  ccsojihagufl ;   V.  C,  right  »iid  left  posterior  lolie. 

are  lined  by  ciliated  epithelium,  the  infundibula  and  alveoli  byJ 
pavement  epithelium. 

Thus  a  great  increase  in  the  respiratory  surface  is  gradually 
produced  in  the  ascending  aeries  of  Vertebrates  ana  in  the 
individual  development  of  the  higher  forms,  in  which  the  lungs 
may  also  become  secondarily  divided  up  into  lobes. 

In   the   following  account   the   air-tubes  will  be   dealt  witb'^ 
separately  from  tlie  lungs  proper. 


Alr-TubeB  and  Larynx. 

The  walls  of  the  aii'-tubes  may  consist,  in  addition  to  their  ' 
lining  of  ciliated  epithelium,  of  connective  tissue  and  elastic  and 
muscular  fibres  only,  but  aa  a  genei-iil  rule  cartilaginous  elements 
are  also  formed,  and  these  serve  to  keep  the  tubes  permanently 
open.  From  the  Amphibia  onwai-ds  the  most  anterior  of  these 
cartilages,  which  supjwrt  the  laiynx,  become  differentiated  to  form 
a  frame  on  which  are  stretched  the  structures  by  means  of  which 
the  voice  is  produced — the  vocul  cnrds:  these  cartilages  are  actei' 
upon  by  muscles.  The  relative  length  of  the  windpipe  as  i 
general  rule  corresponds  with  that  of  trie  neck. 

In  certain  Fishes  there  may  be  a  more  or  less  complicate 
arrangement  of  the  muscles  derived  from  those  of  the  giU-archl 
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(dilHtur,  constrictor,  pmtractor,  and  retractor)  around  the  ni^r- 
tun,'  ui'  the  swini-Wadder,  though  no  cartilaginous  elements  are 
formed  (Fig.  271):  thenc  musclos  are  innerved  by  the  vagus, 
whether  thf  aperture  is  doi-sal  (Lepidosttms,  Amia)  or  ventral 
(I'oljptoriis).  The  same  is  tnio  of  tne  Dipnoi,  in  which  there  is 
II  tongue-shaped  supporting  plate  coiuposed  of  dense  connective 
tissue  anteriorly  tc)  the  glottis,  which  leads  into  a  muscular 
vestibule  or  "  laryng'i-tnicheal "  chamber  communicating  with  the 


!TI.— MKDIAN  LOMlirrpINAL  Sei.tion  1 

Asn  Trunk  of  Ltpido'l'-m  o-mh-. 
Ao,  aortii!  Cnr,  cavity  of  the  awim-blaililer  :  Co,  Co',  aiid  ",  constrictors  of 
the  phnrynx.  "  larynx,"  anil  a wini -bladder  t  Da.  dilatur  ;  <J,  cranial  cavity  ; 
A~,  cushion -like  elevation  of  the  aupi»rting  elements  of  the  larynx  ;  L.H-j, 
loose  connective  tiaaue  lietH-eeii  tlie  awini-hladdei'  and  pharynx  ;  Feric, 
pericardium  ;  Ph',  3,  4,  intrapliaryiigeal  limnchial  muscle  ;  Plvtr,  pharynx  ; 
R.  31,  neural  canni ;  ."•'.■•',  filirou"  laryngeal  mipporting  cleuientB  :  H'S,  vertebral 

lung;  but  it  is  doubtful  whether  this  plate  can  be  regained  as 
the  first  phylogenetic  in<lication  of  the  laryngeal  skeleton  of 
higher  forms,  and  whether  the  laryngeal  muscles  of  the  Amphibia 
have  been  derived  from  those  represented  in  the  Dipnoi. 

A  comitarison  of  these  parts  in  Ganoids  and  Dipnoans  indi- 
cate-'* the  possibility  of  the  fonuer  existence  in  the  vertebrate 
series  of  two  larj-nges,  a  "dorsal"  and  a  "ventral"  (Fig.  272), 
traces  of  the  former  of  which  can  still  be  recognised  in  Lepidoairen 
in  addition  to  the  vcntnil  iarviix. 


r 
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Ampbibiani. — The  vestibule,  ov  Innjngn-tnichailfhinnliei  .vui 
niiinicates  with  the  phuiynx  on  the  one  hand  and  with  the  lungs 
the  other,  and  is  supported  by  definite  cartilages ;  it  is  provid 
with  intrinsic  (dilator  and  constrictor)  and  extrinsic  muscles,  the 
former  derived  frotn  pharyngeal  niiiaclcs,  and  the  latter  from 
"■  "■  in  all  the  higher  forms.     A  definite  trachea  la 


trunk-muscles,  i 


AOT,  aorta  :  Car.er,  orwiial  onvity ;  Co,  Co',  constrictor  of  the  dorsal  and  ventral 
lanrnx  reipcctivelv  :  Co.pk,  constrictor  of  the  pbarynv  ;  D,  dorsal  laryni ; 
Dii.  DU\  dilator;  A'B,  liraoohial  areh  j  Kpf.D.  lumen  of  [iharyiii ;  Muc, 
mucDDB  nicuilirane  of  pharynx  ;  SE,  SIP,  supportttig  elements ;  V,  ventnti 
larvnx  :   fag,  vnguB  nerve. 

dififerentiated  in  Siren,  Amphiuma.  and  the  Gymnophiona  only; 
it  teaches  a  length  of  4  to  5  or  more  centimetres,  and  its  wall  is 
strengthened  by  a  series  of  small,  irregular  cartilages,  which  nsually 
tend  to  unite  into  bands  (Fig.  273):  only  in  the  CJynmophiona, 
however,  do  these  bands  begin  to  take  on  the  form  of  half-rings, 
and  to  surround  the  trachea  more  or  k-s.s  completely. 


AIR-TUBES  AND  LARYNX 


367 


The  primary  skeletal  parts  are  a  pair  of  lateral  cartilages, 
situated  in  the  walls  of  the  vestibule  on  either  side  of  the  glottis ; 
these  appear  to  have  arisen  phylogenetically  by  a  modification 
of  the  vestige  of  a  branchial  arch  (possibly  the  sixth),  as  is 
indicated  by  the  innervation  of  this  region  by  a  branch  of  the 
vagus.  The  most  primitive  form  of  this  lateral  cartilage  has 
probably  been  retained  in  the  caducibranchiate  Ellipsoglossa.  In 
various  other  Urodeles  it  becomes  further  developed  in  various 
ways,  chiefly  by  its  anterior  section  being  diflFerentiated  into  an 
arytenoid  cartilage,  while  its  posterior  section  gives  rise  to 
the  cHcO'tracheal  skeleton  (Fig.  273).  The  latter  gradually  be- 
comes more  and  more  closely  adapted  to  the  walls  of  the  air- 
passages,  and  eventually  extends  along  the  whole  length  of  the 


Fio.  273.— Laryngeal  and  Tracueal  Skeleton  of  Urodeles.    A,  Ntcturus 
B,  Siren  lacertina ;  C,  Amphiuma  ;  D,  ScUamandra  mactdosa, 

a,  the  lateral  cartilages  (arytenoids)  on  either  side  of  the  glottis ;  a\  ridge  tor 
muscles ;  co,  constrictor  of  the  lanivx  ;  Kb,  the  more  definite  tracheal 
cartilaffinouB  tracts  in  Amphiuma  and  Salamandra ;  ii'^,  fourth  branchial 
arch,  from  which  the  dilator  (d)  of  the  trachea  and  larynx  arises  :  it  is 
inserted  into  an  aponeurosis  at  /f ;  //,  L\  lungs;  *,  the  representative  of 
the  cricoid  cartilage  ;  ft,  cartilages  of  the  trachea  in  Siren. 

trachea,  its  elements  passing  more  or  less  completely  around  the 
windpipe,  so  that  in  some  higher  forms  they  give  rise  to  com- 
pletely closed  tracheal  rings. 

The  anterior  end  of  the  crico-tracheal  skeleton  in  Urodeles 
gives  rise  to  a  very  simple  ring-shaped  cricoid  cartilage,  which, 
like  the  rest  of  the  larynx,  is  much  more  highly  diflFerentiated  in 
Anurans.  In  these  the  larynx  is  regulated  by  a  well -developed 
series  of  muscles,  and  is  provided  with  vocal  cords,  the  sound  pro- 
duced by  which  is  often  intensified  by  the  presence  of  vocal  sacs 
developed  from  the  floor  of  the  mouth.  The  laryngo-tracheal 
chamber  lies  between  the  posterior  cornua  of  the  hyoid  (thyro- 
hyals),  with  which  it  is  connected  by  ligaments,  and  is  supported 
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by  a  thin  arytenoid  cartildgt;  on  either  side  of  the  gluttls  as  well 
as  by  a  ring-shaped  cricoid  cartilage,  froiii  which  delicate  processes 


Ca,  Ca,  nrytenoid  cartilages ;  CM— C.I',  cricoid  curtilBge ;  P,  pUte-libe  ventral 
part  of  the  cricoiii;  Sp,  poinled  procesi  of  the  criooid  ;  SB,  gluttiaj  "*, 
tliree  ooiiicaL  proiuinunucH  of  tlic  arytenoida. 

pass  backwards  to  the  roots  of  the  lungs  (Fig.  274).  Vocal  cords 
are  developed  in  the  Anura  only,  each  being  attached  to  the  inner 
concave  surface  of  the  corresponding  arytctiuid. 

The  intrinsic  laryngeal  niusclos  of  Ainpiiibians,  which  are  snp- 


proccKi  of  pri«)id  ;  S",  sphincter 


plied  by  a  branch  of  the  vagiia  and  arc  important  in  respirati 
(as  well  as  in  the  production  of  the  voice  in  Anura),  incliu' 
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dilator  and  one  or  more  constrictors  of  the  glottis.  A  diffoR'ntiation 
of  these  into  distinct  pharyngeal  and  laryrijfeal  iimscleM  ocelli's 
only  in  higher  foniia, 

ReptUei. — The   cartilaginoim  rings  of  the  trachea  gradually 
become   more  solid  and  complete  in  Reptiles,  and  as  in  other 


Fid.  2T0.~KitCTiON  tiikouiih  tiik  Svkinx  ok  a  Mai.b  Blackdibu  {Tnrdiu 

mrr«fa).     (After  V.  Hacker.) 

M,   broebiiiemiiiis ;  li.l—JII,    ist- 3nl  bronchiul  ring;  A,   ventral  cavity  (pari 

of  the  anlnriiir  tliorai-ic  airnael ;  l.t  »iul  Li,  uxtenial  anil  internal  laliia  ;  M, 

muscles;  m.l.f.  anil  m.l.i.  inembrana  tympuniformis  externa  ami  interna  ;  i/, 

inembrana  BeiniliinnriH  ;  Si,  peaauluB  ;  T,  "  lynipanum"  ;  T.r,  tracheal  rings. 

Amniota  are  well  developed,  though  not  always  complete  dorsally. 
The  length  of  the  windpipe  varies  according  to  the  length  of  the 
neck  and  to  the  point  at  which  it  bifurcates  into  the  two  bronchi, 
cartilages  being  present  in  these  also,  and  gradually  extending 
along  their  intnipulmonary  portions. 
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Thu  (;rici»iil  is  much  iiiurp  shaiply  diffeivDtiattMl  thaii  in 
Amphibians,  hikI  limy  give  off  priicessew;  with  it  the  aiytenoids 
lire  movubly  ccmnecti'd.'  Dilator  iind  sphincter  iiiuscW  (Fig.  275) 
are  present  much  as  in  Uro*leIcs,  and  as  in  Mammals,  are  supplied 
by  two  branchea  of  the  vagus — an  anterior  (correspoading  to  the 
first  branchial  branch  of  Fishes)  and  a  posterior  (recurrent),  the 
homologue  of  that  present  in  Urodcles  and  of  the  fourth  branchial 
branch. 

E<ccept  in  Snakes,  in  which  considerable  reductions  of  the 
hyoid  apjmratus  occur  (p.  117),  a  close  connection  obtains  between 
the  latter  and  the  larynx ;  in  Crocodiles  and  Chelonians,  for 
instance,  the  larynx  is  firmly  embedded  in  a  shallow  depression 
on  the  dorsal  surface  of  the  basi-hyoid  (Fig.  85).     Moreover,  the 


Fn:.  277-— L.1RVNX  or  Male  Duck.     A,  cxleniftl,  and  B,  inteniBl 


Br,  bronchus  ;  S,  petauliis,  from  which  a  lateral  outgrowth  (5,  between  b  and  b) 
extends  into  the  tympanum,  thus  diviiling  ita  aperture  into  the  trachea  iota 
two  portions  (A,  b] ;  the  aperture  is  further  iliminished  by  the  circular  fold 
of  inuuiua  membrane,  SF;  T,  the  "tympanum";  Tr,  trachea;  +,  tiiia 
region  in  pcuauluH. 

larynx  becomes  shifted  further  forwards  towards  the  nasal  air- 
passage.  On  the  whole,  however,  no  considerable  advance  of  the 
larynx  as  an  organ  of  voice  is  seen  as  compared  with  that  of 
Amphibians. 

Birds. — In  Birds  'there  are  two  laryuges,  an  upper  (anterior) 
and  a  Imeer  (posterior).  The  former  lies  in  the  usual  position 
behind  the  tongue  on  the  floor  of  the  pharynx,  and  is  plainly 
homologous  with  that  of  other  Vertebrates,  though  it  has  become 
reduced  and  is  incapable  of  producing  sound. 

The  lower  larynx,  or  stfrimr,  is  of  much  greater  importance ;  it  is 

certain   Liznrds   and   Cheloniana)  a  structare   Is 
recalls  the  epiglottis  at  Itlammals, 
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usually  situated  at  the  junction  of  the  trachea  and  bronchi,  or  more 
seldom  at  the  lower  end  of  the  trachea  alone  or  on  the  bronchi 
alone.  It  serves  as  the  organ  of  voice,  and  appears  first  in,  and 
is  restricted  to,  Birds.  In  the  most  usual  form  (broncho'tracheal 
syrinx),  there  is  a  movable  connection  between  the  most  anterior 
bronchial  rings,  with  which  a  complicated  system  of  muscles  is  con- 
nected ;  these,  by  their  contraction,  cause  a  stretching  or  relaxing  of 
certain  vibratory  membranes.  A  bar  of  cartilage  or  bone,  the 
pessulns,  extends  from  the  junction  of  the  bronchi  into  the  more  or 
less  swollen  *'  tympanuin'  at  the  base  of  the  trachea^:  this  supports 
a  slight  fold  of  the  mucous  membrane  called  the  memhrana  semi- 
lunaris, while  the  membranous  inner  wall  of  each  bronchus  is  known 
as  the  memhrana  tympaniformis  interna :  the  external  wall  may 
also  give  rise  to  a  memhrana  tym'paniformis  externa.  The  tympanum, 
which  is  strengthened  by  fused  tracheal  rings,  attains  a  relatively 
enormous  development  in  some  Water-Birds  {e.g.  the  male  Duck), 
where  it  gives  rise  to  a  bony  vesicle  which  serves  as  a  resonance 
cavity  (Fig.  277). 

All  the  muscles  of  the  sjrrinx  are  derived  from  the  sterno- 
hyoid group,  i.c,  from  the  cervical  continuation  of  the  rectus- 
systetn :  this  is  indicated  by  their  innervation  from  hypoglossal 
and  cervical  elements  (Fig.  278).  They  are  thus  derivatives  of  the 
trunk-muscles,  and  are  therefore  fundamentally  diflferent  from 
the  laryngeal  muscles,  which  have  arisen  by  a  modification  of  the 
pharyngeal  muscles,  i.e.  are  of  visceral  origin.'^ 

The  relative  length  of  the  trachea  varies  greatly  in  different 
Birds,  and  its  complete  cartilaginous  rings  usually  become  calcified 
or  ossified.^ 

MammalB. — The  larynx  of  Mammals  is  distinguished  from 
that  of  all  other  Vertebrates  by  the  marked  diflFerentiation  of  the 
muscles — the  constrictors  always  exceeding  the  dilators  in  number, 
— and  by  the  constant  presence  of  an  epiglottis  and  a  thyroid 
cartilage. 

The  thyroid  cartilage  is  derived  from  part  of  the  fourth  and 
fifth  visceral  arches  (cf.  Fig.  279),  and  is  closely  connected  with 
the  hyoid-apparatus :  in  Monotremes,  in  which  alone  it  is  paired, 
this  connection  remains  a  close  one.     Apart  from  this  fact,  the 

'  In  the  Chelonian  Cinujcys  Iiameatia  there  is  a  somewhat  similar  **  tym- 
panum," the  vocal  cords  are  wanting  in  the  larynx,  and  the  laryngeal  muscles 
are  reduce<l. 

-  Many  differences  are  seen  amongst  the  various  avian  groups  as  regards  the 
nyringeal  muscles.  In  some,  both  tracheo- bronchial  and  sterno-tracheaJ  muscles 
are  wanting,  while  in  others  there  may  be  as  many  as  seven  pairs.  The  syrinx 
is  simpler  and  more  primitive  in  the  female  than  in  the  male. 

^  In  some  cases  {e.g.  Swan,  Crane),  the  windpipe  extends  into  the  hollow 
keel  of  the  sternum,  where  it  becomes  more  or  less  coiled,  and  thei\  again  passes 
out  close  to  its  point  of  entrance  and  enters  the  body-cavity.  In  certain  repre- 
sentatives of  the  8tumid(e  it  extends  between  the  skin  and  the  muscles  of  the 
thorax,  and  there  gives  rise  to  numerous  spiral  coils. 

B  B* 
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li.III,  ^lA  lirouchial  ring ;  cur,  carotid  artery  ;  j,  jugitlar  vein  ;  o.h,  hj-nid  (cut 
lliniugh)  -.  ihym,  thymus ;  Ihyr,  thyroid. 

Mnvlen  and  Ihrir  liiaertioiu : — 'l.lr.  Btemo-trachealiB  ;  Ir.br.d.li,  ( riLch. -hronch. - 
ilornalis  brevis  (membraiia  tynipanitonnis  inteniat ;  Ir.br.d.l,  trach.-bronch.- 
clorsnlis  Ioiiuuh  (dorsal  ond  oi  H.ll) ;  tr.br.o.  tmch.-bronch.-obliquuB  (ventml 
eml  of  H.ni);  Ir.br.v,  traeh.-bronch.-veDtraliB  (ventral  end  of  B.II  and 
pcssulua). 

.Ventj. .■— c,  lat  cervical ;  e.a,  cervicalis  aacendons;  c.rf.i,  c.d.-,  cervicalia 
descendons  inferior  et  superior ;  g,  glossojiharyngBal ;  'j.ci;  anterior  (superior) 
c«r\-ical  Kaiiglicin;  ij.p.  petnwal  ganglion  {nearer  to  g.c.a  than  shown  on 
figure) ;  h'  and  A",  let  and  iid  root  of  hypogloasal ;  p.r,  cervical  plexus  :  r.c, 
oervicalia  ;  n,  cervical  aynipathetic  ;  r,  vagus. 

liiryiix  of  MuiiutrtiiiieH,  and  CBi>ecialIy  of  Echidna,  exhibits  a.  much 
more  primitive  condition  than  that  of  other  Mammals.  In  these, 
the  thyroid  is  unpaired,  ita  two  halves  uniting  ventrally,  though 


AL,  nrytenoida,  with  an  intercalary  piece,  iS"* ;  RK,  cricoid,  with  a  dorsal 
intercalary  piece,  S :  SK,  skeletal  element  which  is  partially  tubdivjiled 
into  two  portions  ventro- laterally  ;  of  these  the  anterior  (f )  corresponds  to 
the  greater  oornu  of  the  hvoid  of  other  Maninials  (that  ia,  to  the  3rd 
viacerularchl,  and  the  posterior  (')  gives  rise  to  the  anterior  thyroid  element 
(  =  4th  visceral  arch) ;  SK',  the  posterior  thyroid  element  (  =  Sth  visceral 
arch),  with  a  basal  piece  or  copula  (r) ;  Tr,  trachea ;  ZB,  body  of  hyoid 
(  =  copnlaof  2nd  and  3rd  visceral  arches)  ;  ZH.  lesser  comn  (  =  2nd  visceral 
arch). 

still  showing  traces  of  ita  primary  paired  nature.  This  shicld- 
shajied  thjtoid  becomes  separated  from  the  hyoid,  and  surrounds 
the  lateral  and  ventral  regions  of  the  larynx,  overlapping  the 
cricoid  above,'  and  serving  as  a  point  of  origin  and  insertion  for 
important  intrinsic  and  extrinsic  muscles. 

'  The  cricoid  may  be  complete  or  incomplete  ventrally,  and  ita  dorsal  portion 
usually  forma  a  liroad  plate  with  which  the  arytenoids  are  articulated  (Figa.  280 
niicl  '2SI).  The  Utter,  growing  out  dornally.  may  each  give  rise  to  a  distinct 
coriiiciilate  cartilage  (cartilage  of  Santorini). 
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The  vocal  corda  extend  between  the  thyroid  and  the  arj'tenoids, 
and  the  mucous  membrane  above  theiii  becomes  evoluted  laterally 


From  the  proximal  eiul  of  tlie  Krat  nrch  (Meckel'B  cartilage)  arise  two  of  the 
auditory  oBBicfeB,  the  malleus  aiicl  iiiuus  {ml  and  tit),  p,  pinna ;  pr,  maaloid 
[irocess  of  akulL 

From  the  Hecond  artli  (hyoid)  .ariite  proxiinally  the  styloid  process  {p.a), 
distally  the  anterior  (lesser)  cornu  of  the  hyoid  {c.a)  and  a  portion  oF  the  baai- 
hyoid  [b.').  By  far  the  greater  portion  of  this  arcli  becomes  the  atylo-byoid 
ligament  [l.g).     [Concerning  the  stApes  {nt)  cf.  p.  134.] 

The  tldrd  (first  branchial)  arch  gives  rise  to  the  greater  part  of  the  body 
('i.«)  of  the  hyoii).  and  tlie  posterior  or  greater  comu  of  the  hyoid  {e.ji). 

The  fouilli  (second  branchial)  arch  given  rise  to  the  anterior  (upper),  and 
the  Hfth  (tliird  liranchial)  to  the  pwterior  (lower)  segment  of  the  thyroid 
cartilage  {Ih',  lh°).  The  arytenoid  cartilage  {ar)  is  probably  a  derivative  of  the 
fifth  arch,  cr,  cricoid  cartilage ;  Ic,  cartilago  triticea,  connecting  the  hyoid  and 
thyroid ;  Ir,  trachea. 

to  form  the  laryngeal  pouches,  one  (more  rarely  both)  of  which  may 
undergo  special  development  and  in  Anthropoids  may  reach  such  a 
large  size  that  it  serves  as  a  resonance  cavity.     In  other  Monkeys, 
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a,  median  pouch  projects  between  the  epiglottis  and  thyroid 
cartilage  (or  more  rarely  between  the  latter  and  the  cricoid),  and 
may  come  to  lie  partially  within  the  body  of  the  hyoid,  which  {e.g. 
in  Mycetos,  Fig.  281)  ^  is  swollen  to  form  a  large  bony  chamber. 
The  folds  of  mucous  membrane  bounding  the  laryngeal  pouches 
anteriorly  are  siHjken  of  as  false  vocal  cords ;  these  arc  not  present 
in  all  Mammals.  True  vocal  cords  may  also  be  wanting,  being 
replaced  functionally  by  a  ridgt^  of  the  mucous  membrane  which 
is  only  slightly  vibnitory  and  may  be  temporarily  strengthened  by 
the  contmction  of  the  thyro-arytenoid  muscle  {e.g.  Monotremes, 
Cetaceans,  Monkeys). 

The  epiglottis,  which  consists  mainly  of  elastic  fibro-cartilage, 
has  close  relations  to  the  soft  palate,  extending  upwards  from 
the  anterior  border  of  the  thyroid  cartilage  in  front  of  the  glotcis, 
which  it  covers  when  pressed  backwards :  it  is  often,  when  at  rest, 
embraced  more  or  less  firmly  by  the  soft  palate  in  such  a  way  that 
its  distal  end  lies  in  the  passage  of  the  posterior  nostrils  (naso- 
pharjmgeal  chamber),  so  that  respiration  and  feeding  can  go  on 
independently  of  one  another.- 

An  interesting  adaptation  for  the  method  of  lactation  is  seen 
in  the  larynx  of  Marsupial  embr}-os,  in  which  it  and  the  epiglottis 
become  greatly  elongated  and  are  firmly  embraced  by  the  soft 
palate,  so  that  it  cannot  be  moved  from  this  position.  Thus 
respiration  can  go  on  freely  while  the  milk  is  pumped  down 
the  oesophagus  on  either  side  of  the  larynx  by  the  action  of  the 
compressor  mammae  muscle  of  the  mother,  In  Cetacea  (more 
particularly  the  Odontoceti),  a  similar  arrangement  occurs,  and  is 
here  adapted  for  the  aquatic  life  of  the  animal.  In  all  Mammals 
a  similar  position  of  the  larynx  is  seen  in  the  embryo  if  not  in  the 
adult. 

The  length  of  the  tmchtja  is  proi)ortional  to  that  of  the  neck : 
when  the  latter  is  short,  the  .two  bronchi  may  arise  close  behind 
the  cricoid  cartilage  (Sirenia):  except  in  Bradypus,  in  which  it 
takes  a  pectiliar  course,  it  lies  close  to  the  ventral  side  of  the 
gullet.  The  cartilaginous  rings  are  usually  incomplete  dorsally, 
where  their  open  ends  are  coimected  by  a  membrane  enclosing 
smooth  muscle-fibres.'  In  tht*  bronchi,  the  rings  are  only  excep- 
tionally clovsed  on  the  dorsal  side,  and  are  usually  present  for  a 
considerable  distance  along  the  intrapulmonary  bronchi. 

'  Outgrowths  from  various  parts  of  the  laryngeal  mucous  membrane  may 
occur  in  various  Mammals  {e.g.  Cetacea,  Ungulates). 

'  The  phylogenetic  history  of  the  epiglottis  is  unknown.  It  was  probably 
originaUy  a  pair^  structure,  and  the  small  cartilages  of  Wrisberg  are  apparently 
derived  from  it. 

•'  In  the  Cetacea  they  are  incomplete  ventrally,  and  in  certain  Marsupials 
and  Rodents,  as  well  as  in  Phoca  and  I^emur,  they  form  complete  rings. 


Flo   281  — Lakvik 


A,  Deer  seen  from  the  left  aide  B  Fox.  longitudinal  section ;  C,  Howling 
Monkey  {Myetlei  nrnnw)  from  the  left  aide;  U,  Cbimponxee  {Simia 
Iroglodyle)}    from  the  \entrBl  side 


central    an  I  Cr',  ilorenl  plate  of  the  cricoid  ;  Of, 

"'       rartlli^inouH   rings  uf   (lie  trachea;  Bp^ 

-.  .,  -  =        p -  mlarg 

at  f  U  /e  geniofflosaua  muscle  Mlh  thyro-hyoiil  ligatnent ;  mu,  •ubmacona 
tissue  with  niuules  oh  «A  anterior  snd  posterior  comua  of  the  thyroid  ; 
pm  procesqus  muscuUns  of  the  arytenoid;  S,  mucous  membr&ua  of  tha 
trachea  and  tongue     Tr  trachea     Z,  tongue  ;  1,  S,  S,  resonanoa  MTitioc 


glottis     H  Ind}  uf  lijoid     h   lesser    A',  greater  ouniua  of  the  hyoiA  ;  Ll, 
'"Kothjruid  ligament      V    larvngeal  pouch,  which  shows  an  enlargeinent 
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The  Lungs. 

Dipnoans. — In  Cemtodus  the  hmg  is  a  wide,  unpaired  sac 
without  any  trace  of  a  dividing  septum :  in  other  Dipnoans  it  is 
distinctly  paired  (as  in  Polyp ter us,  cf.  p.  361)  throughout  the 
greater  part  of  its  length,  the  anterior  unpaired  portion  being 
largely  filled  up  by  spongy  trabecular. 

The  lung  extends  through  the  whole  length  of  the  body-cavity, 
and  is  covered  by  peritoneum  cm  the  ventral  surface  only;  the 
lining  mucous  membrane  forms  bands  and  networks  similar  to 
those  seen  in  the  swim-bladder  of  many  Fishes  {e,g,  Lepidosteus, 
Fig.  267),  and  smooth  muscles  arc  abundant. 

Amphibians. — The  lungs  of  Proteus  and  Necturus  (Fig.  282), 
as  well  as  those  of  the  Newt  (Triton),  though  paired  throughout, 
remain  at  a  lower  stage  than  those  of  the 
Dipnoi,  their  internal  surface  being  per- 
fectly smooth,  and  having,  therefore,  a 
relatively  much  smaller  superficial  extent. 
They  consist  of  two  delicate,  elongated 
sacs  of  unequal  length  and  constricted 
in  the  middle;  in  Proteus  they  extend 
much  further  backwanls  than  in  Nec- 
turus. A  difference  in  length  between 
the  two  lungs  is  seen  also  in  other  Am- 
phibia, such  as  Amphiuma  and  Siren,  in 
which  the  two  cylindrical  lungs  lie  near 
together,  close  to  the  aorta.  Their  in- 
tc^nial  stirface  is  raised  into  a  network 
enclosing  numerous  smooth  nmscle-fibres 
and  corresponding  with  the  distribution 
of  the  blood-vessels,  the  meshes  being 
much  finer  in  Amphiuma,  and  still  more 
so  in  Menopoma,  than  in  Siren. 

With  the  further  development  of  the 
blood-vessels,  they  gradually  encircle  the 
wall  of  the  lung  like  the  hoops  of  a 
barrel,  so  that  septum-like  structures 
arise,  between  which  the  thin  pulmonary 
walls  project  in  the  form  of  rounded 
vesicular  elevations  (Fig.  283).  Thus  a 
beginning  is  made  of  a  diff*erentiation  in 
the  cavity  of  the  lung  into  respiratory  regions  and  air-passages 
(intra-pulmonary  bronchi)  such  as  is  seen  in  higher  forms. 

In  many  other  Urodela,  as  well  as  in  the  Anura  and  Gymno- 
phiona,  the  muscular  and  elastic  walls  of  the  lung  become  still 
further  complicated  by  the  development  of  a  respiratory  network 


Fia.  282.— LuNOs  ok  Pro- 

TKU8   (A)   AND    NkCTURUS 

(B). 

The  communication  with  the 
pharynx  is  indicated  by  a 
black  spot  anteriorly. 
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of  trabeculiH,  forming  a  system  of  alveoli  lining  the  vesicles 
(Fig.  284).  The  lungs  are,  as  a  nile,  equal  in  size;  in  form.they 
are  cylindrical  in  Salamanders,  and  elliptical  in  Anurans.  In  the 
long-bodied  Gymnophiona  the  right  lung  alone  is  fully  developed, 
the  left  being  only  a  few  millimetres  long. 

The  mechanism  of  i-ospiration  is  briefly  as  follows.  The  floor  of 
the  mouth  (which  is  kept  closed)  is  lowered,  and  thus  air  is 
inspired  through  the  nostrils,  which  are  then  closed  by  a  special 
mechanism,  while  the  glottis  is  pressed  forwards  and  opened.  The 
floor  of  the  mouth  is  next  raised  so  that  air  is  forced  into  the 


Fli: 


1...  ^i.—A,  Lung  of  Sa/anmiuira 
mocti/om,  showing  the  regular  ar- 
rangement, of  the  blo(3- vessel" 
entoncUng  between  the  individual 
vesioteB  ;  this  regularity  is  slightly 
tllBliirbed  on  the  right  side  at  i. 
B,  Lung  o[  Ratia  lemporai-ui,  in 
which  the  blood- vessels  and  vesitlex 
have  a  more  irregular  arrangement. 
(After  Fanny  Moser. ) 


A.  alveoli  1  It,  artery;  ;,  epi- 
thelium of  lung ;  I,  vesicles 
line<l  hy  the  alveoli  ;  0,  glottis ; 
'■p.p.      pleuroperiUineum  ;     r, 


lungs.  After  a  pause,  theglottis  and  nostrils  are  opened,  and  thus 
expiration  takes  place.  The  mechanism  is  therefore  that  of  a 
force-pump. 

In  many  Salamanders  {e.g.  Salamandrina  perspicillata,  Typhlo- 
molge,  Amblystomatin.-e,  Desmognathin^,  Plethodontinie)  the  kinga 
undergo  a  more  or  less  complete  degeneration,  even  though  all 
traces  of  the  gills  disappear.  The  fact  that  the  floor  of  the  mouth 
IS  continually  raised  and  lowered,  as  in  other  Amphibians  which 
i  lungs,  indicates  that  a  buccopharyngeal  respiration  takes 
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)ilii(-o  in  luUlitioii  Lm  the  cutHiifOiiM  n-itpimtioii  cutiiinuzi  tu  most 
Auiphibitins,  in  .spiU;  of  the  lact  that  the  skiit  is  especially 
vn.sciilar  in  these  foniis.  The  walls  of  the  month,  pharynx,  and 
even  cesuphagus  (Besinognathus  fusca)  are  abundantly  supplied 
with  capillaries,  which  may  even  extend  between  the  epithelial 


Reptiles. — In  Reptiles,  as  in  all  other  air-breathioe  Verte- 
brates, the  form  of  the  lungs  is  to  a  great  extent  regulated  by 
that  of  the  biKiy.  In  the  higher  types,  such  as  the  Chelonia  and 
Crocodilia,  their  structure  is  much  more  complicated  than  in 
Amphibia ;  this  complicatiun  finds  expression  in  a  very  considerable 
inci-ease  of  the  reapiratorv  surface.  With  the  exception  of  the 
thin-walled  lungs  of  many  Lizards,  which  retain  a  more  primitive 


li.  :i«5.-_ 

A  nru  shown  the  Hire 

Inlerul  chaiiilivrB,  on  wiMi  bh  ine  entraiiut:  ol  tne  extra 'jiulmonary  iironcni 
iEII),  the  lirst  atilerior  cliamber  (I  DK),  and  tlie  {lotilvriur  cliamlier  {EK). 


tmana   |i-t>  MM.   IN  l.emitii|,  and  a,  .in 
Tkanki-arhnt.     {After  Fanny  Moser.  ] 

t'  large  transvcriie  xepta  (1^3),  which  separate 
ri'll  iiH  the  entraiiL-e  of  the  extra 'jiulmonary  li 


condition,  more  like  that  seen  in  the  Frog  except  for  the  presence 
of  transverse  septa,  wo  no  longer  meet  with  a  large  central  cavity, 
but  the  orgim  becomes  penetrated  by  a  branched  system  of 
bronchi  connected  with  a  coinpanitively  narrow  central  bronchus. 

In  the  simplest  condition  the  trachea  opens  into  the  lung 
by  two  bronchial  apertures,  but  as  the  alvcofisation  of  the  lung 
increases,  extrapulmonary  portions  of  the  bronchi  are  more 
niarke<l:  they  are  at  first  short,  but  gradually  become  longer,  and 
each  is  continued  into  the  corresponding  lung  as  an  intrapnlmonary 
bnmcbus,  which  may  be  provided  with  cartilaginous  rings  along  a 
(Mtusidcmblc  pivrt  of  its  courec,  and  which  is  connected  by  means 
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HIS  apertures  with  smaller  secondary  bronchi ;  these  may 
again  give  rise  to  bronchi  of  a  third  order,  andso  on. 

This  high  differentiation  of  the  lung  occurs  even  in  certain 
Lizards,  only  its  posterior  end  retaining  a  considerable  lumen 
(Fig.  286),  and  is  more  marked  in  Chelonians  and  Crocodiles 
(Figs.  287  and  288).  In  Snakes,  on  the  other  hand,  the  central 
lumen  {i.e.  the  main  bronchus)  remains  more  roomy,  and,  aa 
in  Amphiaba;nians,  in  correlation  with  the  elongated  form  of  the 
body,  the  right  lung  only  is  as  a  rule  fully  developed,  the  left 
remaining  in  a  vestigial  condition  or  even  disappearing  entirely. 

The  posterior  end  of  the  lung  may  be  continued  into  a  delicate 
finger-shaped  hollow  process,  in  which  the  alveoli  are  little  marked 


Fio.  286.— LuBO  OF  Vamnua  mnW.     (After  A.  Malani.) 


or  entirely  wanting  (e.g.  certain  Ascalabota,  Iguanidte,  Varanidse, 
and  Testudinidie).  In  Chameleons,  in  which,  as  in  most  other 
Lizards,  only  the  anterior  end  of  the  lung  is  spongy,  numerous 
thin-walled  processes  are  given  off  from  its  ventral  side,  which  are 
spindle-shaped,  club-shaped,  or  lobular  in  form  (Fig.  289). 
These  processes  seem  to  foreshadow  a  condition  which  reaches  ite 
highest  development  in  Birds,  but  hero  have  to  do  with  the  curious 
habit  of  inflating  the  body  p<;ssossed  by  these  animals. 

The  walls  of  the  reptilian  lung  gradually  undergo  a  consider- 
able thickening  owing  to  the  increase  in  the  amount  of  connective 
tissue,  and  the  smooth  muscles  which  are  enclosed  in  them  play  an 
important  part  in  the  mechanism  of  respiration.     A  result  of  this 
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leading   into   smali    tube; 

bronchia).     These  again, give  off  short,  radially  arranged 


genetically  a  pi-ocess  of  centrifug 
budding  of  the  endodemiic  epi^l 
thelium  followed  by  a  further 
development  of  the  mesodermic 
portions  gradually  results  in  a 
complicated  structure  of  the  lung 
such  as  occurs  in  the  higher  foi-niB. 

Birds. — The  respiratory  ap- 
l»aratus  of  Bii-ds  presents  sn  many 
i-einarkable  peculiarities,  both  as 
regards  the  stnicture  of  the  lunga 
and  in  the  presence  of  air-saa,  that 
it  must  be  considered  in  some 
detail.  Physiologically,  it  reaches 
the  highest  degi-ee  of  perfection 
amongst  Vertebrates. 

The  comparatively  small  bttftjl 
highly  vascular  lungs  (Fig 
and  291)  are  closely  applied  to  thtf! 
thoracic  vert  bne  and  heads  of  thQJ 
ribs,  and  are  but  slightly  < 
and  capable  of  very  tittle  diabon- 
sion.  The  lower  surface  of  each 
lung  is  closely  invested  by  a  thin 
fibrous  membrane,  the  pulmonary 
aponeurosis}  into  which  are  in- 
serted a  valuable  number  of 
muscular  bands  iaisto-p^u.lmonary 
m/imles) :  these  arise  from 
vertebral  ribs,  and  are  : 
by  the  intercostal  nerves. 

The  main  bronchus  (m 
cbium)  enteis  the  lung  at  about] 
the  middle  of  its  ventral  siirb 
and  gradually  losing  its  cartivj 
laginoua    rings,    extends    to 

Eosterior  end,  giving  off  secondai^ 
ronchi.     Of  tbese,  eight  are  vfl~ 
tml  (entobronchia)  and  six  to  t 
dorsal      (ecto  bronchia),     and     thei'1 
branches    of  small   calibre  whi^J 
arise    from    them    are   perforated'! 
by    numerous   close-set   apertui 
■the    so-called    "  lung-pipes      '"" 


u  aeptuin,  is  often  apokfl 


.......  ...  Mi  I>,  intestine  :  i>.r&.a^  obliijua  aoptum  : 

/',  furcuU  t  a,  licsrt,  ent^toHed  witlitu  the  p4srli»nliiiiii  \  l/H,  caracn>(urciilai' 
lig&ment ;  Lg,  Lg'.  lung  :  /tiA,  imijpunBurv  (lalcifurm)  li||;anieiit>  and  Ird,  In, 
right  uiil  loft  carouHcy  ligatnetit  of  tno  liver :  /',  pectoralta  mAJor ;  p, 
nxilUry  luc  l^ins  between  the  corscold.acspuU,  anil  thcuitnrior  riba,  ftiid  uoiii- 
iiiunii«tiiig  with  tliu  Biib-bran(ihl»l  Bir'Mc  ;  }«,  pv,  ueutvrtl  KHury  «ii<l  vein  : 
r.AM.S,  LAIuLS,  riglit  And  left  Kktuntiniil  (pu>t«nor)  air-Kic :  rL,tL,  right 
aiul  left  lubes  of  livor  i  S,  KnlxiiBviiu  mutcle  :  *.  t.  putltimi  wolb  between 
the  anterior  thoracic  air-OMa  and  the  unpaired  ■iib-hn>nehiiil  uc,  lying  in  the 
niiLurior  part  of  the  body-caTity  i  ji*,  «',  Mrlitioii  *«11»  Iwtweeu  the  luilerior 
and  iMWtcriur  Iborsdu  air-iooa ;  7',  trau&iHi :  r,  uurtiun  ut  aiit«riQr  ynX\  *of 
the  oody-oarilj' ;  *,  point  of  entrnnee  of  Ibo  Monclii  Into  (hii  lung:  +, 
anterior  thoracic  air-ui.'  i  tt.  puelcrioi'  tluimvic  oil  mc. 


384  COMPARATIVE  ANATOMY 

which  divide  into  finer  and  finer  branches  ("air-capillaries") 
with  which  the  blood- capillaries  are  interwoven.  The  delicate  air- 
passages  communicate  with  one  another,  so  that  none  of  the 
alveoli  apparently  end  blindly  (Fig.  294,  a).  The  relative  delicacy 
of  the  bronchial  network  is  proportionate  to  the  power  of  flight. 

When  the  ventral  body- wall  of  a  Bird  is  removed,  the  neart, 
stomach,  liver,  and  intestine  are  seen  in  the  middle,  and  on  either 
side  of  them  is  a  tightly- stretched  fascia,  the  oblique  septum,  which 
shuts  them  off  from  a  paired  lateral  sub-pubnonary  clvamlm^ 
(Fig.  290).  Other  chambers  are  situated  in  the  anterior  thoracic 
region,  ventral  to  the  lungs.  Others,  again,  are  seen  in  the  region 
of  the  heart  and  in  the  posterior  part  of  the  abdominal  cavity. 
These  chambers  are  occupied  by  the  air-sacs  with  which  certain 
of  the  bronchi  communicate. 

The  most  posterior  chamber  on  either  side  encloses  an  abdominal 
{posterior)  air-sac  (Fig.  290).  In  Apteryx,  this  is  completely  closed 
in  by  the  oblique  septum,  but  in  other  Birds  it  gives  rise  to  a  large, 
distensible  diverticulum  which  extends  backwards  ventral ly  to  tne 
kidney,  amongst  the  viscera.  In  front  of  this  there  are  two  air- 
sacs  lying  above  and  externally  to  the  oblique  septum,  and 
constituting  the  main  part  of  the  sub-pulmonary  chamber ;  these 
may  be  called  the  anterioi'  and  posterior'  thoracic  sacs.  A  transverse 
dividing-wall  separates  these,  at  the  level  of  the  coeliac  artery, 
and  a  second  septum  shuts  off  the  anterior  thoracic  sac  from 
another  one  lying  in  front  of  it.  The  posterior  thoracic  air-sac 
presents  the  simplest  and  most  constant  relations,  and  never  com- 
municates with  any  of  the  neighbouring  chambers,  as  is  often  the 
case  with  the  anterior  thoracic  sac.  A  pair  of  cervical  air-sacs  lies 
on  either  side  of  the  oesophagus  above  each  bronchus,  anterior 
to  the  hilum  of  the  lung,  and  below  this  a  sub-hronchial  sac  is 
situated,  which  is  separated  behind  from  the  anterior  thoracic  sac 
by  the  septum  already  referred  to.  This  sac  is  usually  unpaired, 
that  of  either  side  fusing  with  its  fellow  to  form  an  interclavicular 
chamber,  bounded  by  the  furcula^;  it  communicates  with  neigh- 
bouring air-cavities  which  lie  between  the  pericardium  and  ster- 
num and  in  the  axilla,  outside  the  body-cavity  {axillary  sac). 

The  main  bronchus  {ii\esohronchium)  as  a  rule  opens  directly 
into  the  abdominal  air-sac  (Fig.  291).  From  it  a  large  lateral 
bronchus  is  given  off,  which  opens  into  the  posterior  thoracic  sac 
by  one  or  two  apertures.  The  first  entobronchium  radiates  out 
anteriorly  to  the  hilum  of  the  lung,  and  one  of  its  branches 
opens  into  the  cervical  sac.  Almost  without  exception,  a  large 
aperture  or  ostium  is  present  on  the  wall  of  the  third  entobron- 
chium, communicating  with  the  anterior  thoracic  air-sac.  A 
branch  of  the  second  entobronchium  opens  externally  to  the 
hilum  of  the  lung  into  the  sub-bronchial  sac. 

^  In  some  Birds  [e.g.  Khea,  Vulture,  Adjutant)  a  median  septum  is  present 
separating  the  two  sub- bronchial  Hacs. 


■I.  201.—  LErr  Lvnu  op  tbk  Hvi^k,  in  tifu.  iFmin  il  dmwinK  by  H.  Ktrauerjf 
The  iDHin  lironuhuB  in  cut  open  ;  iiit«rii>U;  tu  jl  tiua  Die  palmonory  vein,  and 
extcmalljr  the  polinauary  arl«ry. 

nn,  opoTiing  tit  the  main  bronvhuB  into  the  alxloniinal  tae  ;  b,  opening  of  tlie  outer 
lBt43nil  bmaeb  of  the  mesobroQcbJuDi  iulci  th«  ii<iHt<>ri(ir  thoracic  air-sac ; 
b',  BDCund  oatium  of  the  latter,  more  towanls  the  niiddlo  line  (pranent  iu 
pMBcriw) ;  Br.  Wi,  thorncio  vortebru' ;  /,  first  ctitubrouohium,  and  e,  it» 
oatium  conimunicating  with  the  corvical  air-sac ;  i,  a,  t,  ita  internal, 
anterior,  and  extemoT  branchei ;  lit.  Hi,  internal  aiul  Bxteriial  branch  of 
tlie  swund  entabronohiuni  :  the  end  of  lit  r>\nsnit  into  the  aub-bronvhial  aac 
at  d  ;  ///.  Ihinl  ontobrunohium,  with  the  aperture  fur  Uie  anturior  Ihorauiu 
nir-sao;  IV,  fourth  cntobroncbium ;  m.l.f,  longUB  oolli  muselo  ;  y,  kidney; 
Ot,  irwvpbogUB  i  »lv,  ttv,  (ecliona  of  rib«  which  ant  oonueclod  with  tiiD 
oternuni ;  TV,  traohea ;  >',  i>,  enda  of  free  vcrtcliral  riln.  The  boundary 
the  iinlnionary  apunearoaia  in  Huon  along  Ihu  (lUt^jr  edge  of  Ihe  lung,  and 
coatopulnitiDary  niUBcle*  are  shown  extending  from  il  to  tlic  riba. 

The  air-sacs  arise  from  the  embryonic  pulmoiiary  vesiclea  as 
delicate- will  led  hollow  processes,  lined  by  pavement  epithelium: 
these  prow  rapidly,  and  soon  exceed  the  lung  proper  in  eize, 
extendinj;  amongst  the  viscera,  Moreover,  they  are  not  confined 
to  the  body-cavity,  but  in  numerous  places  extend  beyond  it,  passing 
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between  the  rauscles,  beneath  the  skin,  and  even  into  most 
of  the  bonea  The  latter  are  thus  rendered  pnmjnaiic,  and  conse- 
quently the  buoyancy  of  the  body  is  increased.  The  pneumati- 
city  of  the  bones  is  not,  however,  an  essential  peculiarity  connected 
with  flight,  for  in  many  Birds  which  are  extremely  good  fliers 
(e.g.  Lama,  Sterna)  the  bones  are  hardly  if  at  all  pneumatic,  while 
in  the  cursorial  Ratitce,  on  the  other 
hand,  they  are  markedly  so.' 

The  air-sacs,  though  not  serving 
to  increase  the  actual  respiratory 
surface,^  must  he  looked  upon  as  an 
integral  part  of  the  respiratory  ap- 
paratus ;  by  their  means,  a  greater 
quantity  of  air  can  rapidly  pass  in 
and  out  through  the  lungs  when  the 
body-cavity  is  expanded  and  con- 
tracted during  inspiration  and  expira- 
tion respectively,  especially  through 
the  larger  bronchi ;  consequently 
there  is  less  need  for  the  expansion 
of  the  lung-parenchyma.  Moreover, 
as  part  of  the  inspired  air  passes 
directly  into  the  air-sacs  and  their 
prolongations,  the  absorption  of  oxy- 
gen can  take  place  during  expiration 
as  well  as  inspiration.  The  aeration 
of  the  blood  is  thus  very  perfect  and 
its  temperature  correspondingly  high. 
Rhythmical  respiratory  move- 
ments  tiike  place  when  the  Bird  is 
k*n<;bm^nt  o^^TuIt  BaoNcaf  Jn  ^^  ^^^-  *^*^  sternum  being  alternately 
Mammals.  From'  the  ventral  raised  and  lowered.  But  during 
■'<3e-  flight,  when  the  weight  uf  the  body 

A,     pnlinonttry    arteiy;     a,     a,    is     supported      by     the     wingS,      the 
"eporterial"  bronchus  of  either  sternum,  as  well  as  the  coracoid  and 
:','"jt'',"S'°'hlS«.VlS"  ribB,  are   rektivoly  immovable,  and 
bronchi ;  V,  pulmonarj-  vein.      inspiration  and  expiration  are  effected 
by  the  raising  and  lowering  of  the 
wings,  which  may  take  place  from  three  to  thirteen  times  in  the 
'  The  bones  of  Architopterj'x  were  solid,  and  those  of  the  recently  extinct 
iioB,  of  Now  Zealand  were  mnch  lees  pneumatic  than  in  exiatina  Ratit«. 

Pnoainaticit;  of  the  bones  is  not  a  special  pucaliarity  of  Birds  ;  it  ocomred 
amonf^t  the  gigantiu  fossil  Dinouurians,  and  the  skull  of  Crocodiles  is  alao 
pneumatic.  Amongst  Mammals,  frontal,  maxillary,  and  sphenoidal  ainuaea 
are  present  in  Anthropoids,  Ungulates,  Elephants,  and  Marsupials  for  inslftnoe  : 
and  all  tliese  communioate  witli  one  another,  and  also  with  the  tympanic 
cavitv.  They  are  in  many  coses  developed  in  order  to  give  a  greater  anrfaoe 
for  the  attachment  o)  muscles,  and  niso  to  effect  a  saving  of  material  and  a 
lightening  of  the  skulL 

''  The  walls  of  the  air-sacs  are  supplied  with  blood  by  small  nutrient  arteries 
arising  from  thp  <u)rta,  the  veins  communicating  with  the  postcaval. 
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sccnnd.  Thus  during  Right  the  nir  passes  in  and  out  without  any 
special  respiratory  mo vementa  being  made,  and  the  bird  can  travel 
rapidly  and  continuously  through  the  air  without  getting  out  of 
breath. 

A  further  importance  of  the  air-sacs  consists  in  the  resulting 
enlargement  of  the  anterior  part  of  the  body  surrounded  by  the 
pectoral  arch.  An  extended  aevelopmcnt  of  the  skeleton  can  thus 
take  place,  giving  an  increase  of  surface  for  muscular  attachment 
without  any  considerable  increase  in  weight.  Everything,  in  fact, 
combines  to  establish  an  organ  of  flight  with  a  large  wing-surface 
and  increased  muscular  power. 

Mammals. — Though  not  directly  derived  from  the  reptilian' 
type  of  lung,  a  certain  parallelism  can  be  recognised  between  the 
lung  of  Reptiles  and  that  of  the  Echidna  as  regards,  for  instance, 
the  presence  of  large  air-spaces;  but  the  resemblance  here  is 
[irobably  only  of  a  secondary  nature. 

The     main     bronchus     extends  JV 

throughout  the  length  of  the  lung 
and  gives  off  a  double  row  of  second- 
ary bronchi  on  its  dorsal  and  ventral 
a.spuct3  respectively,  the  components 
of  the  ventral  system  being  larger 
than  those  of  the  dorsal.' 

The  morphological  importance  of  1 
the   lobes  into  which   the  lungs  are 
usually   more   or   less  divided   (Fig. 
293)   is    secondary    to    that   of    the  ' 
branching  of  the  bronchi,  and  does 
not  essentially  affect  the  latter:  the 
furrows  between  the  lobes  frequently 
(listippear  to  a  greater  or  less  extent. 
The  right   lung  possesses  in   many  Fia.  293.- 
cases    an  accessory   lobe   anteriorly,  ^*'*'  """^"^  *"^«- 

and  another  posteriorly,  the  former  5,  buIcui  for  the  Bubclavian  artery ; 
in  connection  with  an  apical  bronchus     fr-  tf*cb™;j,  ba«  of  W; 
T   .1.      I   ..       /.I  I   u    ■>\      -Li.       T,  inciBurtt  cordis ;  1,  2,  .1,  loboB 

and  the  latter  (   azygos  lobe   )  with      „t  n,e  riglit.  and  2a,  3o,  of  the 
an   accessory  bronchus  arising   ven-      left  long. 
trally  from  the  main  bronchus,  and 

this  accessory  bronchus  may  be  present  even  if  the  azygos  lobe  is 
undifferentiated. 

The  cartilages  of  the  bronchi  become  more  and  more  sparse 

'  Tlie  moat  anterior  of  the  bronchi  may  arise  from  the  main  bronchlli — or 

cvtn  from  the  trachea— an teriorlv  to  the  point  at  which  the  pulmonary  art«ry 
oruHHcn  tiie  main  bruiiuhiis,  nnil  thuB  has  been  distineniahed  as  the  "eparterial 
lironchus"  from  the  utlien.  or  "hyparterial  bronchi,"  which  arise  i>o»t«riorly  to 
this  point  (Fig.  203).  As  a  senerat  rule,  an  "  eparterial  broncliuB"  is  present  on 
the  ri^ht  side  only,  and  as  tne  nature  and  meaning  of  this  asymmetry  are  not 
clear,  it  ia  better  to  speak  of  the  anterior  seoondaty  btoncbi,  whether  "epar- 
terial" or  "hyparterial,"  merdy u apietU bronchi. 

C  C  2 
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fanoeb^s.      Tbe  ^ihmaie  l*«Kfeioies  cpen  i&v>  anoll  i 

are  f^xrryiaiai  br  a  ^^ee  Defvock  of  ofxlknei.  ud  ibe  nOs  of 


wlucli  are  svolleo  to  fonn  Domaoas  alreii-li  tho^  caaang  a  eoo- 
sderable  increase  ic  ibe  r&$pirat*^  snr£M:e  of  ibe  vviadea.  tbe 


. — In  tfai-  ATmmtiia  th«  seroof  memfavane 
' ^.¥r-jtr\::-a^ni<  Imlcg  the  c»i-:->iEt-  is  ci:<nliiiaoos  throogboat 
1^.  p.  1%4  and  Fig.  IOl  exc<epi  iha:  the  h^an  is  eod'^aiMl  in  a 
$p>rcial  perurardial  chamber  u^oany  n.'mpItielT  Ant  aS  from  the 
l^s;  vf  the  cceliMue  *  and  enclojied  h\  the  ptriainlial  Huaiftraac. 
In  B^ptii^is  an  iDdicati<»i  of  a  fdnher  5abdivifi<«i  is  se«n :  thos  in 
Cn>o:idi!^  aod  Chc'ioniaQS  a  chambi-r  in  which  the  lungs  are 
dt^iaied  is  shat  off  frv>m  the  ksi  of  the  abdominal  cavitr.  In 
Bird:,  tbi:  stibdi vision  is  still  more  marked,  aod  fimulT  in 
MaiTiHiaU.  •:■&  a-::co:iD:  of  the  development  of  the  diaphngm.  tbe 
-  In  tlA^nrAr^af^ba  i:  co>uc=iu<Mei  with  ibt  gttMral  bodj-cBTitf  bj  fcri- 
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pleiiroperitoneal  cavity  is  divided  into  two  main  sections,  an 
anterior  ^/(Mj'ai  and  a  posterior  peritmieal  chamber. 

In  each  of  these  three  serous  membranes  (pericardial,  pleural, 
and  peritoneal),  a  parietal  and  a  visceral  layer  can  be  distinguished, 
the  former  lining  the  outer  wall  of  the  chamber  in  question,  and 
the  latter  being  involuted  bo  as  to  invest  closely  and  to  suspend 
its  contained  organ  or  organs.' 

Towards  the  middle  line,  the  parietal  layer  of  the  pleura  of 
either  side  is  reflected  so  as  to  form  a  septum  between  the  right 
and  left  thoracic  cavities.  This  septum  is  called  the  inediastinum, 
and  the  space  between  its  two  layers  the  mediaslinal  gpace : 
through  this,  the  aorta,  cesophagus,  and  postcaval  vein  run,  and  in 


Fi<i.  285,— Dwdiwy  ur  thk  Pudral  and  Peridardiai,  CAvnTsa  or  Mammals, 
BASED  OM  THK  Rklatiohs  IN  THE8B  Pabtb  IN  Man.  {A,  honcontal 
section ;  B,  transverse  section.) 

Br,  bronchi ;  H,  heart ;  m,  mediutinum ;  L,  lung ;  P,  parietal,  uid  P', 
vJBcersI  Uyer  of  the  pleara ;  Pc,  Pt',  parietal  and  visoeral  layew  of  the 
pericanlium ;  R,  rib*  (wall  ot  thorax) ;  8,  iternnm ;  Tr,  trachea ;  fF, 
vertebral  column ;  -ft,  points  at  which  the  parietal  and  visceral  bf en  of 
the  pleura  pass  into  one  another  at  the  bilum  pulmonalis  {Hi). 

the  region  of  the  heart  the  mediastinum  is  reflected  over  the 

Krietal   layer  of  the  pericardium.     There  is  a  lymphatic  fluid 
tween  the  two  layers  of  all  these  membranes,  which  renders 
the  movements  of  the  contained  organs  smooth  and  easy. 

Abdominal  porei. — By  the  tenn  abdominal  pore  is  under- 
stood a  perforation — usually  paired — of  the  posterior  end  of  the 
wall  of  the  peritoneal  cavity  which  puts  the  coslome  into  direct 
communication  with  the  exterior. 

In  Cyclostomes  a  pair  of  pores  opens  into  the  urinogcnital 
sinus,  serving  to  conduct  the  generative  products  to  the  exterior : 
they  probably  do  not  correspond  to  the  abdominal  pores  of  other 
foniis,  which  normally  do  not  have  this  function,  and  are  better 

'  In  connection  with  tbo  sitspenmry  mesenteric  stnlctares  in  the  peritoneal 
cavity,  mention  niUBt  be  made  of  the  omtnirU  fold*  extending  between  the 
aUluiiiinal  viscera. 
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desaSbed  as  genital  pores,  comparable  to  the  like-named  pores  of 
Teleosts  (cf.  under  Generative  Organs). 

Apart  from  the  indirect  connection  of  the  coelome  with  the 
extenor  by  means  of  the  oviducts  in  the  female,  such  as  exists 
in  most  Vertebrates,  other  connections  are  seen,  for  example,  in 
both  male  and  female  Elasmobranchs.  These  are  either  indirect, 
through  the  nephostomes  of  the  kidney  (g'.v.)»  ^^  direct,  through 
the  abdominal  pores :  in  some  cases,  both  these  means  of  communi- 
cation with  the  exterior  exist  in  the  same  Elasmobranch,  but  this 
is  never  the  case  in  other  Anamnia,  so  that  they  appear  to  be  to  a 
great  extent  mutually  exclusive. 

In  the  Elasmobranchii  the  abdominal  pores  are  usually  paired 
and  are  situated  posteriorly  to  the  cloaca  (Figs.  296  and  297),  and 


V  a 


-"■•  6,  b' 


Fig.  296. — Diagrammatic  Horizontal  Section  througu  the  Cloaoal 
Region  of  a  Plaoiostome.     (After  E.  J.  Bles.) 

a,  blind  ectodermal  invagination  (cloacal  pouch) ;  ft,  6^,  cloacal  papilla ;  c,  peri- 
toneal cavity,  which  opens  by  the  abdominal  pore  at  c^ ;  Cloake,  cloaca; 
Darm,  rectum  ;  ***,  points  along  the  transversely  striped  section  of  the 
cloacal  papilla  at  which  the  abdominal  pore  may  break  through,  in  which 
case  the  distal  part  of  the  papilla  is  solid  (Raja). 

may  be  enclosed  within  its  lips.  They  are  wanting  in  the  Noti- 
danidae,  Cestracionidse,  and  Rhinidae,  and  are  not  constantly 
present  in  the  ScylliidsB  and  others,  even  in  individuals  of  the 
same  species,  and  they  may  only  appear  at  sexual  maturity.  In 
Ganoids,  they  open  between  the  urinogenital  aperture  and  anus, 
but  are  apparently  wanting  in  Amia  when  sexually  mature. 
Amongst  Teleosts,  they  are  said  to  be  present  only  in  the 
Salmonidae  and  Mormyridje,  right  and  left  of  the  anus ;  but  even 
in  these,  the  pore  of  one  or  of  both  sides  may  be  absent.  In 
Ceratodus  the  abdominal  pores  are  paired,  and  open  behind  the 
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Ma.Kp    Mftn 
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Ur.Og 


Ma,  Kp    Mta 
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Ur.ag 
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Fkj.  297. —Diagrams  illustbatino  the  Thrks  Possidlr  Ways  in  whicu  thk 
Peritoneal  Cavity  may  Communicate  with  the  Kxterior  in  Fishes. 
(After  E.  J.  Bles). 

A.  Connection  by  means  of  nephostomes  {Npfis)  only  (Cestracton,  Rhina,  certain 

other  Elasmobranchs  before  sexual  maturity,  larval  Amia). 

B.  Connection  by  means  of  nephostomes  {Npfui)  and  abdominal  pores  (Por.cibd) 

(certain  adult  Scylliidte  and  Spinacida*). 

C.  Connection    by    means    of    abdominal  pores    {Por.ahd)    only    (Carchariida}, 

Lamnidse,    Batoidei,     Holocephali,    adult    Ganoids,    certain    Dipnoi    and 
Salmonidae,  Mormyridffi). 

CI,  Clo,  cloaca,  Ma.Kp,  Malpighian  capsules  of  the  mesonophros  {Msn) ;  Per.H, 
peritoneal  cavity ;  Ur,  Og,  mesonephric  duct. 
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cloaca,  while  in  ProU>ptenis  a  single,  apparently  blind,  canal  is 
present  on  the  same  side  of  the  ventral  nn  as  the  vent,  sometimes 
to  the  right  and  sometimes  to  the  left  of  the  middle  line,  either 
within  or  without  the  sphincter  of  the  cloaca.^ 

Abdominal  pores  are  not  known  to  occur  in  Amphibians,  Birds, 
and  Mammals,  but  amongst  Reptiles  they  are  perhaps  represented 
by  the  perUcmal  eandU  of  the  Chelonia  and  Crocodilia,  which  in 
the  former  are  in  close  relation  with  the  penis  or  clitoris,  and 
usually  end  blindly,  while  in  the  latter  they  open  into  the  cloaca. 

The  abdominal  pores  may  possibly  corresp^id  to  the  remains 
of  segmental  ducts.  At  any  rate,  they  and  the  nephostomes, 
whichever  may  be  the  older  phylogenetically,  come  under  the 
same  physiological  category,  inasmuch  as  both  might  serve  to 
remove  the  products  of  regressive  metamorphosis  from  the  ooelome, 
which  to  a  large  extent  represents  an  excretory  organ  (cf.  Fig.  297). 

^  AbdomioAl  pores  are  apparently  wanting  in  Lepidoeiren. 


H.  ORQANS  OF  CIRCULATION. 

(VASCULAR  SYSTEM.) 

In  Amphioxus,  the  vessels  are  of  a  simpler  type  than  in  the 
Craniata,  and  to  a  certain  extent  retain  characters  only  seen  m  the 
embryos  of  the  latter.  There  is  no  heart,  and  the  circulation  of 
the  blood  is  effected  bv  the  peristaltic  contraction  from  behind 
forwards  of  the  ventral  olood-vessel  (ventral  aorta). 

In  the  Cmniata  the  vascular  system,  which  arises  from  the 
mcsoderm,consistsof  a  hollow  central  muscular  organ,  the  heart, 
which  is  connected  with  a  series  of  closed  tubes,  the  blood-vesseli, 
containing  a  coloured  fluid,  the  blood :  there  is  also  another  system 
of  vessels  containing  a  colourless  fluid,  the  l3rmph,  which,  however, 
besides  permeating  all  the  tissues,  is  present  in  various  spaces  or 
simcscs  m  the  body  as  well  as  in  the  l3rmph-veMeli.  The 
lymphatic  system  is  therefore  not  completely  closed,  the  vessels 
communicating  with  the  sinuses  on  the  one  hand,  and  with  the 
blood-vessels  on  the  other.  The  lymph-vessels  coming  from  the 
intestine  are  known  as  lacteah. 

The  blood,  which  serves  to  carry  the  absorbed  food  and  oxygen 
to,  and  the  waste  products  from,  all  parts  of  the  body,  is  kept  in 
constant  circulation  through  the  vessels  by  the  rhythmic  contraction 
of  the  heart,  which  acts  both  as  a  force-pump  and  a  suction-pump. 

All  the  blood-vessels  which  bring  back  the  blood  to  the  heart 
arc  known  as  veins,  while  those  which  carry  it  from  the  heart 
are  called  arteries :  the  latter  usually  contain  oxygenated  blood 
of  a  bright  red  colour,  the  former  impure,  darker  blood,  rich  in 
carbon  dioxide  and  other  products  of  destructive  metabolism ;  but 
this  is  by  no  means  always  the  case.  Many  of  the  veins,  and  also 
of  the  lymph-vessels,  are  provided  with  valves,  which  are  adapted 
to  prevent  the  reflux  of  the  blood :  they  usually  have  the  form  of 
semilunar  folds  of  the  internal  coat,  and  are  so  arranged  that  two 
are  placed  opposite  to  one  another.  The  arteries  (and  also  certain 
of  the  veins)  divide  up  into  smaller  and  smaller  branches,  eventually 
giving  rise  to  microscopic  tubes  called  capillaries,  the  walls  of 
which  consist  of  a  single  layer  of  epithelial  cells,  siwrounded  by 
contnictile  structures  analogous  to  the  smooth  muscle-fibres  of  the 
larger  vessels  and  consisting  of  branched  muscle-cells  which  are 
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nwlar  the  contrrj  of  the  Derroas  system :  the  capillaries  again 
unite  V9  form  the  iactoni  r/f  the  reins.  The  walls  both  of  Teins 
and  Afierihsi  «y^n.<>i«»t,  in  addition  to  the  epitheliam,  of  connective 
ami  elsatie  timne  and  of  ua«(triated  moscolar  fibres,  and  are  much 
thicker  in  the  caite  of  the  arteries  than  in  that  of  the  veins,  in 
ifome  of  which  the  mi»colar  elements  may  be  altogether  wanting. 

Both  blrxid  and  Ijrmph  consist  of  a  coloorless  fluid,  the  plasma, 
in  which  float  namerous  eelU  or  or/rp%ueUs.  The  Uocd-cc/rpusdes  are 
of  two  kinds — colourless,  nucleated,  amoeboid  cells,  known  as  white 
€nr  eolr/urU$$  ecTpuseU$  or  leueoeyUs,  and  fisur  more  namerons  red 
hlood-ccrputeUs  or  erythrocytes,^  The  colour  of  these  is  due  to 
hoemogUinn,  which  readily  enters  into  loose  chemical  combination 
with  oxygen,  and  they  are  the  specific  respiratory  cells.  They  have 
no  longer,  however,  the  characteristic  structure  of  protoplasm,  and 
are  always  surrounded  by  a  membrane.  The  lymph  contains 
leucocytes  only ;  these  are  similar  to  those  of  the  blood,  and  are 
sometimes  also  spoken  of  as  phagocytes,^ 

The  nuclei  of  the  red  corpuscles  persist,  and  the  whole  cell  is 
biconvex,  in  all  Vertebrates  below  Mammals ;  and,  even  in  these 
nucleated  red  cells  may  be  seen  in  the  marrow  of  the  bones  (in 
which  more  especially  they  are  formed  throughout  life),  in  the 
blorxl  of  the  spleen,  and  oilen  in  that  of  the  portal  vein :  in  all 
other  parts  of  the  bodv  of  Mammals  they  lose  their  nucleL 
In  all  Mammals,  except  the  Camelidae,  the  red  corpuscles  are  seen  to 
have  the  form  of  circular,  biconcave  discs;'  in  the  last-mentioned 
family  and  in  all  other  Vertebrates  except  Cyclostomes  they  are 
oval.  They  are  largest  in  certain  Urodeles,  being  in  Amphiuma  as 
much  as  75/i  in  their  longest  diameter ;  then  come,  in  order,  other 
Urodeles  and  Dipnoans,  Reptiles,  Anurans,  Fishes,  Birds,  and 
Mammals,  in  the  last-mentioned  of  which  they  are  the  smallest, 
varying  in  different  families  from  2'5fi  (Tragulidae)  to  10/jl 

The  heart  is  enclosed  within  a  serous  membrane,  the  pericar- 
dium  (Fig.  295),  which,  as  already  mentioned,  consists  of  parietal 
and  visceral  layers.  In  most  Anamnia  and  in  early  embryos  of 
higher  forms  it  is  situated  close  to  the  head,  but  on  the  di£Fer- 
entiation  of  a  neck,  comes  to  lie  relatively  further  back.  It  arises 
either  as  a  single  (Cyclostomi,  Elasmobranchii,  Ganoidei, 
Amphibia)  or  as  a  paired  (Teleostei,  Sauropsida,  Mammalia) 
tubular  cavity  in  the  splanchnic  layer  of  the  mesoderm  along  the 
ventral  region  of  the  throat,  close  behind  the  gill-clefts,  and  the 

t)art  of  the  ccjelome  around  it  gives  rise  to  the  pericardial  cavity, 
^ts    wall    becomes    differentiated    into    three    layers,   an    outer 

'  In  AmphioxuB  tho  blood  contains  no  formed  elements. 

'^  In  addition  to  the  leucocytes  and  erythrocytes,  a  third  kind  of  corpuscle 
occurs  in  the  blood :  these  structures  are  known  as  blood-plcUes  or  thrombocytes, 
Kach  has  the  form  of  a  minute,  flat  disc,  is  colourless  and  amoeboid,  and  consists 
of  nucleated  ptrotoplasm.  It  is  very  possible  that  they  are  derivatives  of  the  red 
and  wliito  corpiuicles.  In  coagulation  of  the  blood  they  undergo  characteristic 
chuiigoH. 

"  They  arc  said  to  be  primarily  cup-shaped. 
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serous  (pericardium),  a  middle  muscular  (myocardium),  and  an 
inner  epithelial  (endocardium)}  In  this  respect  it  essentially 
corresponds  with  the  larger  vessels,  in  the  walls  of  which,  as  already 
mentioned,  three  layers  can  also  be  distinguished ;  but  in  the  heart 
the  muscular  fibres  are  striated,  and  the  boundaries  between  the 
cells  of  which  they  are  primarily  composed  may  disappear,  so  that  a 
syncytium  results. 

By  a  study  of  its  development  we  thus  see  that  the  heart 
corresponds  essentially  to  a  strongly-developed  blood-vessel,  which 
later  becomes  complicated  by  the  formation  of  various  folds  and 
swellings.     The  embryonic  tubular  heart, 
which  contracts  peristaltically,  undergoes  a 
division  into  two  chambers,  an  atrium  or 
auricle,    and   a    ventricle,    between   which 
valvular  structures   arise  from  the   endo- 
cardial layer:  these  only  allow  the  blood 
to  flow  in  a  definite  direction  on  the  con- 
traction   of  the   walls   of  the   heart,  viz., 
from  the  atrium  to  the  ventricle,  and  any 
backward  flow  is  thus  prevented  (Fig.  298). 

The  atrium,  into  which  the  blood  enters, 
represents  primitively  the  venous  portion 

of  the   heart,   the   ventricle,   from   which  Fio.  298.- Diaobam  show 
the  blood  flows  out,  coiresponding  to  the      ino  thb  Primitive  Re- 
arterial  portion.     The  venous  end  further 
becomes   differentiated    to    form   another 

chamber,   the  sinus  venosus,  which  opens    ^     ,  .  .  ,      .. 

•    4..1.'  i  A  -«»  atnum  or  auncle;  Ba. 

mto  the  atnum  by  a  narrow  aperture  Wlbus  and  Ca  conus  ar- 
provided  with  two  valves;  while  the 
arterial  end  gives  rise  distally  to  a  truncus 
arteriosus;  the  proximal  muscular  end  of 
this  (conus  arteriosus  or  pylangium)  is  pro- 
vided with  more  or  less  numerous  valves 
arranged  in  longitudinal  rows,  and  its  distal 

end  {biUhus  arteriosus  or  synangium)  is  continued  forwards  into 
the  arterial  vessel  (ventral  aorta). 

These  four  chambers  of  the  heart  now  contract  rhythmically 
in  the  following  order:  sinus  venosus,  atrium,  ventricle,  conus 
arteriosus.  The  bulbus,  which  may  be  more  or  less  swollen  and 
corresponds  to  the  base  of  the  ventral  aorta,  contains  no  striated 
muscular  fibres. 

The  ventral  aorta  gives  off  right  and  loft  a  series  of  symmetrical 
afferent  branchial  arteries  (Figs.  299-301,  320  and  321),  each  of 
which  runs  between  two  consecutive  gill-clefts,  branches  out  into 
capillaries  in  the  gills,  when  present,  and  then  becomes  continuous 
with  a  correspondmg  effcroit  branchial  artei*y.    After  the  first  pair 

*  The  epithelial  lining  of  the  heart  is  said  by  some  embryologists  to  be  derived 
fruni  the  eudoderm,  by  others  from  mesenchymatouB  cells. 


LATIONS  OF  THE  DIFFER- 
ENT Chambebs  of  the 
Heart. 


teriosus  (together  consti- 
tuting the  embryonic 
truncus  arteriosus)  ;  8v, 
sinus  venosus,  into  which 
the  veins  from  the  body 
open :   V,  ventricle. 


396  COMPARATIVE  ANATOMY 

of  these  has  given  off  branches  to  the  head  {carotids),  thoy  all  unite 
above  the  cleftB,  usually  forming  a  longitudinal  trunk  on  either  side: 
these  constitute  the  right  and  left  roots  of  the  dorsal  aorta,  which 


A,  atrium  ;  A,  A,  dorsal  oorU  ;  Aed,  caudal arlery  ;  All,  alUntAio  (hjpogoatric) 
arteries;  Am,  vitelline  arteries;  B,  truncoa  arterionua ;  c,  c',  carotids; 
D,  precavi^  veiim  (iluctug  Cuvieri),  B,  external  iliac  artery;  le,  ouminon 
iliac  ;  KL,  (;ill-clefta ;  RA ,  If  A ,  right  and  loft  root*  of  the  aorta,  which  arise 
from  tho  braiicliinl  vessela  Ab.  by  meaus  of  the  collectiog  trunks,  S,  S>  ; 
.^6,  anbclaviaii  ortory  ;  .9')',  subclavian  vein;  Si,  sinus  venoauB  ;  V,  ventricle; 
I'C,  lie,  anterior  anil  posterior  cardinal  veins  ;  Vm,  vitelline  veins. 

extends  bjickwards  along  the  ventral  side  of  the  vertebral  axis 
into  tho  tail  as  a  large  unpaired  trunk,  giving  off  numeroua 
branches — including     paired     embiyonic     vitelline    or    omphalo- 
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mesenieric  arlenes  to  the  yolk-sac,  and  (except  in  FisheB)  allantoic 
arteries  to  the  embryonic  urinary  bladder  or  allantois  (p.  9). 

Primarily,  the  blood  becomes  purified  in  the  vessels  which 
branch  out  over  the  yolk-sac,  from  whence  it  is  returned  by  the 
vitelHjie  or  oviphalo-meaenieric  veins  (Fig,  300).  These  join  with 
the  allantoic  veitis  and  veins  of  the  alimentary  canal  to  form  what 


A  A,  the  tecoml,  third,  &nd  fourth  aortic  arches  :  the  Gnt  Iim  b«come  oblitenlad 
in  its  median  portion,  but  ii  coatinned  at  its  proximal  end  a<  the  external 
i^arotid,  and  at  its  dUtal  end  ai  the  internal  carotid  ;  j4o,  doraal  aorta ; 
D.C,  ductus  Cuviari;  //,  heart;  L.O/,  left  vitelline  vein;  L.O/.A,  left 
vitelline  artery  ;  B  Of,  right  vitelline  vein  ;  B.O/.A,  right  vitelline  artery  ; 
.S'.Ca.t',  nuterior  cardinal  or  jugular  vein;  ^.T,  ainui  Urminali*  ;  5.  K,  sinus 
venosiis :  T.Ca,  posterior  carainal  vein.  The  veins  are  marked  in  outline, 
and  the  arteries  are  made  block.  The  whole  blastoderm  has  boen  removed 
from  the  egg,  and  is  supposed  to  be  viewed  from  betow. 

ovontually  becomes  the  keimlic poi-t'il  vein,  viiich  divides  up  into 
capitlatics  in  the  liver.  The  capillaries  then  unite  to  form  the 
Itepnlic  v^ins,  which  open  directly  or  indirectly  into  the  sinus 
venosus. 

Into  the  sinus  venosus  there  also  opens  on  either  side  a  pre- 
caval  vein  or  aiUeriw  vena  ctaa  (ductws  Cuvieri),  which  receives  an 
'  antcnor  cardinal  or  jugular  vein  from  the  head,  and  a  potterior 
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Cardinal  vein  from  the  body  generally  (not  including  the  alimentary 
canal).  The  caudal  vein,  which  lies  directly  beneath  the  caudal  aorta, 
is  connected  with  the  posterior  cardinals,  usually  indirectly,  through 
the  renal  portal  veins  (cf.  Figs.  325-329).  The  further  development 
of  the  embryonic  vessels  may  take  place  in  one  of  three  ways. 

(1)  The  embryo  may  leave  the  egg,  and  take  on  an  aquatic 
existence  (Anamnia),  making  use  of  its  branchial  vessels  for  pur- 
poses of  respiration,  the  entire  allantois  (Amphibia)  when  present 
giving  rise  to  the  bladder. 

(2)  In  the  Amniota,  which  from  the  first  breathe  by  means  of 
lungs,  a  modification  and  reduction  of  the  branchial  vessels  and 
allantois  takes  place,  and  the  latter  may  even  disappear  entirely. 

(3)  The  embryo  undergoes  a  longer  intra-uterine  existence, 
the  allantois  coming  into  close  connection  with  the  walls  of  the 
uterus  by  means  of  the  chorionic  villi:  the  allantoic  vessels  extend 
into  the  wall  of  the  uterus  and  come  into  more  or  less  close  relations 
with  the  maternal  vessels,  thus  serving  for  the  respiration  and 
nutrition  of  the  foetus.  In  this  way  a  placenta  and  a  placental 
circulation  arise  (pp.  9 — 11). 

On  the  appearance  of  pulmonary  respiration,  important  changes 
take  place  in  the  branchial  vessels  and  heart.  The  formation  of  a 
septum  both  in  the  atrium  and  in  the  ventricle  leads  to  the  presence 
of  two  atria  or  auricles  and  two  ventricles,  the  conus  arteriosus 
and  sinus  venosus  becoming  eventually  more  or  less  incorporated  in 
the  right  ventricle  and  auricle  respectively.  Thus  a  right  (venous) 
and  a  left  (arterial)  half  can  be  distinguished ;  and  a  new  vessel, 
the  pulmonale  artery,  arising  from  the  last  arterial  arch,  becomes 
connected  with  the  right  ventricle ;  this  conveys  venous  blood  to  the 
lungs,  while  special  vessels  {pulmonary  veins)  return  the  oxygenated 
blood  from  the  lungs  to  the  left  auricle,  from  which  it  passes  into 
the  left  ventricle  and  so  through  the  aorta  into  tne  general 
circulation  of  the  body. 

The  branchial  vessels  never  become  functional,  as  such,  in  any 
period  of  development  either  in  Sauropsida  or  Mammalia,  but  those 
which  persist  give  rise,  as  already  mentioned,  to  important  vascular 
trunks  of  the  head  and  neck  (carotids),  anterior  extremities  (sub- 
clavians),  and  lungs  (pulmonary  arteries),  and  also  to  the  roots  o 
the  aorta,  one  or  both  of  which  may  remain  (cf.  Fig.  301). 

The  primitive  number  of  arterial  arches  is  six,  the  first  two  * 
which  (belonging  to  the  mandibular  and  hyoid  arches  respective! 
almost  always  disappear   early  (Fig.  301):   in   caducibranchia 
Amphibia  (including  Anura)  and  in  Amniota,  the  fifth  arch  a 
disappears.     The  third  gives  rise  to  the  carotid  arch ;  the  fourth 
both  sides  (Amphibia,  Reptilia),  or  of  one  side  (Aves,  Mammal 
to  the  wyrtic  or  system  ic  arch,  and  the  sixth  to  tho  p^bnonary  a 

From  the  Dipnoi  onwards,  the  posterior  cardinals  become  o 
or  less  completely  replaced  functionally  by  a  large  unpaired  i 
the  postcaval  or  posietior  vena  cava,  which  opens  independently 
the  right  auricle. 


B 
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Fu;.    801.— DiAciRAM   of  the  Arterial  Arches  of  Various  Vertebrates, 

FROM  THE  VENTRAL  SIDE.      (After  BoaS. ) 

Ay  embryonic  condition ;  B,  Fish  ;  C,  Urodele ;  Z),  Reptile  (Lizard) ;  E,  Bird  ; 
Fy  Mammal.     The  parts  which  disappear  are  dotted. 

a,  by  r,  the  vessels  into  which  the  ventral  arterial  trunk  is  divided  in  Reptiles, 
Birds,  and  Mammals  ;  oo,  dorsal  aorta ;  ca,  carotid  ;  k  and  h,  the  two  first 
embryonic  arches,  which  almost  always  disappear ;  /,  piilm«'inary  artery ; 
a  (in  F)y  left  subclavian  artery ;  st,  and  a  (in  B),  ventral  aort-a ;  I'  and  3', 
lirst  and  third  afferent  branchial  arteries  ;  l"  and  3^,  the  corresponding 
efferent  branchial  arteries ;  1 — 4,  the  four  branchial  arches ;  2  in  2)  and 
F,  second  aroh  of  the  left  tide ;  ^  in  D,  B  %nd  F,  seooud  arch  of  the  right 
side. 
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The  Heart,  tooetheb  with  the  Origins  of  the  Main 
Vessels. 

FUhfls  (including  Oycloitomei).— Tbe  heart  in  Fishes  is 
situated  in  the  antenor  part  of  the  body-cavity,  close  behind  the 
head.  It  coDsists  of  a  ventricle,  with  a  truncus  arteriosus  or  merely 
a  bulbus  (Cyclostomi,  most  Teleostei),  and  an  atrium  or  auricle, 
the  latter  receiving  its  blood  from  a  ainus  venosus,  and  being 
laterally  expanded  to  form  the  appatdices  auricula  (Figs.  302 
and  303.) 

In  correspondence  with  the  work  which  each  portion  has  to 
perform,  the  walla  of  the  atrium  are  comparatively  thin,  while  those 
of  the  ventricle  are  much  stronger,  ita  musclea  giving  rise  in  the 
interior  to  a  muscular  network  in 
which  a  series  of  larger  trabecutse 
can  usually  be  recognised:  this 
holds  good  throughout  the  Crani- 
ata. 

Between  the  sinus  venosua  and 
atrium,  and  also  between  atrium 
and  ventricle,  membranous  valves 
are  present ;  there  are  primarily  two 
atrioventricular  valves,  but  they 
may  become  further  subdivided. 
Numerous  valves,  arranged  in 
rows,  are  present  in  the  muscular 
conus  arteriosus  (Fig.  303,  a):  these 
are  most  numerous  in  Elasmo- 
branchs  and  Ganoids.  There  is  a 
tendency,  however,  for  the  posterior 
valves,  or  those  which  lie  nearest 
the  ventricle,  gradually  to  undergo 
reduction  (b).  Only  the  most 
anterior  row  persists  between  the 
ventricle  and  bulbus  in  Cyclo- 
stonies  and  most  Teleosts  (d),  but 
cavaU ;  o'.a  i°  tHrio^cntriculTr  amongst  the  latter  two  rowa  are 
uporture;  v.a.d.  and  F.a.c,  right  retained  in  the  vestigial  conus  iu 
S.  '•'L-t:  lSS.*Enor.i  Albuk  (ButirinuJ  and  Ta™oD. 
arteries.  -Lne    heart   of   all    tishes   ex- 

cept Dipnoans  contains  venous 
blood  only,  which  it  forces  through  the  ntTerent  branchial  arteries 
(Figs.  302,  320,  321)  into  the  capillaries  of  the  gills,  where  it 
becomes  oxygenated,  to  pass  thence  into  the  efferent  branchial 
artorios,  and  bo  into  the  dorsal  aorta. 

The  heart  of  the  Dipnoi  {Figs.  30-1  and  305),  in  correspondence 
with  the  double  mi-de  of  respiration  (by  lungs  as  well  as  by  gills) 


Bet..t. 

m-a 

FlQ.  302.^HlCART  o 

garin,   from    tbk 

rAeaiifhU  vul- 

{After  Riise.) 

U     OUT     OPEN. 

Lad' D.C.a,   right 

rioous;   D.C.d 
and   left  pre- 

reaches  a  higher  stage  of  devolopiiieiit,  mid-way  between  that  seen 
in  Elasinobranchs  and  in  AinphibianH,  and  nearly  resembling  that 
of  Unideles.  The  atrium  becomes  divided  into  a  left  and  right 
chamber  by  a  septum :  this  is  also  true  of  the  ventricle  to  some  extent, 
owing  to  the  presence  of  a  cushion  composed  of  muscular  fibres 
anil  tibro-cartilagc  arising  from  the  margin  of  the  sinu-atrial  aper- 
tiuf,  extending  into  thentrium  and  ventricle,  and  acting  aa  a  valve, 
oitlinary  atrio ventricular  valves  being  absent.  The  sinus  ven<iBiis. 
from  the  Dipnoi  onwards,  opens  into  the  right  atrium. 

The  conus  arteriosus  is  twisted  spirally  on  itself:  in  CemUxlns 
it  is  provided   with  eight  transverse  rows  of  valves,  and  begins  to 


be  divided  into  two  chambers.  In  Protopterus  this  division  is 
(iimpleto,  so  that  two  cim-cnts  of  bliMxt,  mainly  arterial  and 
mainly  venous  resjUHitively,  pass  out  from  the  heart  side  by  side. 
The  former  comes  from  the  pulmonary  vein,  from  which  it  passes 
into  the  left  atrium,  thence  into  the  left  portion  of  the  vcntricfe,  and 
thence  to  the  twoanterior  branchial  arteries.  The  venous  current, 
on  the  other  hand,  (lasses  from  the  right  portion  of  the  ventricle  into 
ihe  thirtl  and  fourth  afferent  brancniai  arteries  and  thence  to  the 
corresponding  gills,  where  it  becomes  purified  ;  it  reaches  ihe  aortic 
roots  by  means  of  the  efferent  branchial  arteries.     The  paired ^jwi- 
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Fm.  301  — Hkart  of  I'.-oioi^t 
of  the  lo(t  atl 

;  L.Yh  Hnil  R.rk,  left  anil  rigbt  Atria;  5.n.  aeptum 
uusvenosns,  within  which  tin-  piilmotmry  vuin(Li-)  oxteiicia 
to  open  into  the  left  auricio  bji  n  v>U-nlar  aperture  ;  W,  Bhrous  cnahion 
extending  into  the  ventricle. 

Fici.  Vi5.—CeraloduafoMtr{.  DiACKAUM^Tir  ViKw  of  thb  IIeaiit  and  Main 
Bloou  Vesskls  as  flRKN  fuuM  TUB  Vsnthal  .StDtKArE.  (From  Pftrberand 
Htwwell's  Zootoyy,  a(t«r  ItAlilwiu  Spencer.) 

off.  1,  2,  3,  i,  afferent  hranchial  arteries;  1  hr,  -Ibr,  3  br.  4  br,  poailion  of  gille  j 
e.a,  coniix  arteritwuB:  d.a,  dorsal  aorta  ;  <i.e,  iluetui  Cuvieri  ;  tpi.\,  e]ii.2, 
tjii.i,  ein.i,  efferent  branchial  ai-teriuB:  hv.art,  fayoide«i  artery  ;  i,i'.r.  mwt- 
cftv»l  vein  ;  l.aul.air,  left  anterior  corniid  urterj-  j  l.anr,  left  auricle  l.br,v, 
left  bnwhial  vein  ;  l.Jii'/.';  left  jugular  vein ;  l.jmtl.rar,  left  p<»lorior  caro- 
tid artery ;  l.prmt.eard,  loft  poBterior  cardinal  vein :  l.jnd.art,  tuft  pulmonary 
artery  j  ( jw.i",  left  sub-scapular  vein;  r.Hnl  rar,  r%ht  anterior  camtiil  artery  ; 
r.niir,  ri|;lit  auricle ;  r.lir.v,  riubt  liriiebial  vein ;  r^vg.,  right  jugular  vein ; 
r.prvil.rnr,  right  [lOBlcriurunrolnl ;  <-.ju«/.«r',  right  piilmoiiftrj  aiiery  ;  r.ae.^m 
right  mbBcnpulir      '-  -        ■         '" 


inonari/    artery    likti   the   corresjjonding   vessel    in   Cro8SOpt<r 
giiins,  arises   from    Ihe   fourth    effeient   branchial    in   Cerate " 
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(Ki^,  ;}0o),  and  from  the  aurtic  root  in  Protoptenia  and  Lopidusiren, 
thiit  of  the  right  side  bifurcating  to  supply  the  dorsal  aurfnce  of  tho 
lung,  while  that  of  the  left  side  siippiicN  the  ventral 
siirtaoe.  The  two  putmoimry  veins  unite  to  fonn  a  median 
triHilv  which  lieooiiies  closoly  connected  with  the  sinus  venosus,  so 
it.1  to  iippenr  sunk  within  its  walls  in  the  form  of  two  vidve-tike 
projections'  (Fig.  304).  Thus  the  blood  once  more  becomes 
piiriKed  befon.'  it  posses  into  the  left  side  of  the  ventricle.  Aj>ost- 
cueiil  vein,  present  from  the  Dipniri  onwards,  opens  into  the  sinus 
venosti.s  (Misteriorly  to  the  preaivals,  and  with  it  the  hepatic  veins 
eoinimiiiiciite  (Figs.  305  nnd  :(2K). 

Amphibians. — With  the  exception  of  the  Gyninophiona, 
the  heart  in  all  Amphibians  lies  far  forwards,  below  the  anterior 
vertebne.  A  septum  atriornm  is  present,^  but  in  Vrodela 
iind  (iyinnophiona  it  is  more  or  le.ss  fenestrated  (Fig.  307 ): 
it » never  completely  sepai-ates  the  cavities  of  the  two  atria, 
and    forms   an   arcli   over   the   atrioventricular  aiiertiirc.     There 


IN    Uro-hl'i  (A)  .tMi  ^iin.'x  (B). 

.1.  liitlit  ftlrimn  :  -4',  \vH  alriiiiii;  Ir,  Ir,  pulmonary  veins:  '»■.  conn*  (irteriOMiip, 
■1ivi<lo<l  in  Aniirn  (B)  into  two  portiunx,  (r,  ^^i  :  through  (r  venouB  bl.)Ocl 
puBBtx  into  the  puliii ciliary  arttricB,  Ai>\  Ap\  wliilo  throuRh  Ir'  mixeil  bloo<i 
jjot-M  I'l  the  carotiiln,  <■•— rr,  rniii  to  tUo  niots  of  the  iiorta,  RA  ;  V,  ventricle  j 
r,  I-.  pre-  am)  putcavnln  (only  ons  prccaval  is  iiidicatcil). 

are  always  two  sinu-ntria!  valves  and  two  atrio-vcntricular 
valves,  the  latter  of  which  are  connected  with  the  walls  of 
the  ventricle  by  cords.  The  two  pulmonarj-  veins  nnite  before 
opening  obliqiiclv,  as  in  all  the  higher  Vertebrates,  into  the  left 
atiinm,  at  which  point  there  arc  no  special  valves:  the  two 
precaviils  and  the  postcaval  open  independently  into  the  sinus 
venosn^i. 

'  Tlic  largest  of  tlieae,  as  wl-11  as  the  fibrous  cushion  tieacribed  above,  take 
a  yifaler  imrt  in  separatinij  the  two  auricles  than  does  the  septum  proper. 

-■  In  tlie  lungless  Uioileles  (cf.  p.  3T8I    the  septum  atriorum  and  pulmonary 
vL-iri  nro  wanting,  thuugh  the  pulmonary  artery  can  still  be  recognised. 

D  D* 
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Neither  in  Urodelft  nor  Aniira  is  there  a  septum  ventriculorum, 
so  that  the  blood  passing  out  from  the  spongy  ventricle  muat  have  a 
mixed  character  (Fig.  30(i)-  The  ventricle  is  usually  short  and 
compressed,  but  is  more  elongated  in  Amphiuma,  Proteus,  and  the 
Gymnophiona.  It  is  continued  anteriorly  into  a  conus  arteriosus; 
this  has  usually  a  slight  spiral  twist,  and  possesses  a  transverse 
row  of  valves  at  either  end,  as  well  as  a  spiral  fold,  formed  by  a 
fusion  of  valves  and  extending  into  its  lumen,  thus  partially 
dividing  it  into  a  dorsal  cavtivi  ptilmonulc,  and  a  ventral  camnn. 
atn'ticitm     communicating     with     the     cnrotid      and      syatemic 


',  tlie  two  pull 
111 ;  L.  Vh,  H. 
ird   Pji.  left  011(1   right 


atrimu  ;  L.  Vh,  H.  Vfi,  le'f  t  and  riElit  otria 
perforoted  by 


i-K 


rntrsl  side.      (After 


ig  by  a  (angle  aperture  into  the  left 

"      ,  ati'io- ventricular  aperture  ; 

:h  ;    iS'.n,  septum  atriorum, 

truneuB  arterioaua  ;    V.r.  ' 


r.c.s,   posterior  canlitii  ,    . 

jugular  veins  :   ['.s.rf  ami   l'.-.«,  aubclavia 

arches.  This  holds"  good,  cy.,  for  Amblystoma,  Salamandra, 
Amphiuma,  and  Siren.  In  othci's  (c.^.  Necturus,  Proteus, 
Gymnophiona),  the  conus  is  more  elongated,  and  reduction  is 
seen  in  the  disappearance  of  the  spiral  (old  and  the  presence  of 
only  a  single  row  of  valves. 

In  Aniira,  the  fold  lying  within  the  conus  extends  so  far  back 
that  no  undivideil  portion  of  the  cavity  is  left.  The  consequence 
of  this  is  that  the  blood  passing  into  the  hindermost  pair  of  the 
arterial  arches— that  from  which  the  pulmonary  arteries  arise — ^is 
mainly  venous,  while  the  othere  contain  more  or  less  mixed  blood 
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(Fij[.  306,  H):  for,  owing  to  the  spongy  nature  of  thu  ventricle, 
there  is  no  tiniu  for  its  contained  blood  to  get  thoroughly  mixed 
hel'nre  it  is  forced  into  the  conns.' 

As  in  the  Dipnoi,  four  afferent  bmnchiiil  artmes  arise  on 
tithtr  side  in  the  Amphibia,  which— taking  as  a  type  the  larva 
of  Saliimandra— have  the  following  relations  (cf.  "Fig.  301,  o). 
The  thri'u  anterior  arteries  pass  to  a  similar  number  of  ex- 
ternal gill-tnfts,  in  which  they  break  up  into  capillaries  (Fig.  308). 
From  the  latter  three  efferent  \esseis  arise,  which  pass  to  the 
(lorsjil  side,  and  there  unite  on  either  side  to  form  the  aortic  root. 
The  fourth  afferent  branchial  artery,  which  is  smaller  than  the 
..tht-i-s,  does  not  pass  ti»  a  gill,  but  to  the  pulmonary  artery,  which 


icH  bvtnciMi  tlic  M.-conil  ildiI  ihir.l  iiHereiit  tiii<\  ulTtrent 
l>i Miii^hiHl  artvilvs ;  Ao,  lUirml  norta  ;  -^ ,  <? xti-riinl  oai'itid  ;  'i,  iiil«rnal 
I'.initid  ;  RA,  nortiu  nitit!i ;  Ir,  tniDciia  itrttrinHU!, ;  I — 'i.  tlir  time  aficrent 
branrhinl  artcriw ;  -  -  - 
fiiiU'tli  iii-terial  nitli,  wkicli  \kvc 
|.-1/>I ;  y,  net-like  liiiitgUimn'ies  iKitu'een  t 
iilfi-i'tiit  braiiL'liial  nrlwrj',  whii'li  (jives  risu 
nri'i>ws  •'h<jiv  the  cciiiriM:  ivliivli  tlie  lilooil  ti 

isis  from  thi-  efferent  branchials.  The  pulmonary  artory, 
iiiture  contains  far  morc^  arterial  than  venous  IiIikkI,  and  thus 
II-  I luigs  of  the  .Salamander  larva,  like  the  swim-blachier  of  Fishea, 
II  only  bo  of  secondary  importance  in  respimtion. 

The  internal  caretid  arises  frem  the  first  efferent  bntnehial 
tery,  towanls  the  middle  line,  the  external  carotid  coming  ()ff 
rther  oiitwaiils  (Fig.  30H).  The  latter,  as  it  passes  forward.s, 
■iiniics  connectt-d  with  the  first  afferent  branchial   by  net-like 

'  S|H'dAl  vumelK  mipplyinK  th«  waUa  of  the  heart  ore  apmi'eiitly  wanting  in 
•'  iNi-^i;  iif  many  Finhes  and  of  Ampliibiani'.  In  Klanmobranelis,  coroaiiry  aHtritt 
i-t  fn,iii  till!  iijiHibrnnciiial  artery  anil  •■oroanry  niii*  open  iiitii  tlie  sEniw 
Ti<i-iis  III- aiiL'ide  ;  ximilnr  vessels  have  also  been  deHcribetl  in  certain  lianoids 
<l  T(.-1eo),t!i.     (^.'urunary  veins  occur  in  Cryptobranchus  japonicuR. 
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i,  whifh  later,  losing  the  chamcter  of  a  network  »r  rettt 
mirabile,  gives  rise  in  the  adult  to  a  swelling,  the  carotid  labyrinth 
(so-called  "  carotid  gland  "),  which  consists  simply  of  a  muscular 
vesicle  ivith  sepia  in  its  interior,  and  probably  acts  as  an  accessory 
heart.  Direct  connections  exist,  however,  between  the  second  and 
third  afferent  and  efferent  arteriea 

Towards  the  end  of  the  larval  period,  the  second  efferent  bran- 
chial artery  increases  considerably  in  relative  size,  and  the  fourth 
arterial  arch  also  becomes  larger.  By  a  reduction  of  the  anasto- 
mosis with  the  third  arch,  the  fourth  caiTiea  most  of  the  biood  for 
the  pulmonary  artery,  and  the  latter  thus  now  contains  more 
venous  than  arterial  blood.  When  branchial  respiration  ceases,  the 
anastomosis  between  each  corresponding  afferent  and  efferent  bran- 
chial artery  no  longer  consists  of  capillaries,  but  a  direct  connection 


Fi(i.    309,  — Artkhi.vl   Aiu'hi 


{Attcr  J.  K.  V.  Boas.) 


ed,  cai-otid  labyrinth  ;  M.  citemBl  carotid ;  ri,  internal  carotid  :  ro,  Ir,  I 
art«rioauB;  -t.  oesophageal  vessels;  HA,  root  of  the  aorta;  1— 
four  arterial  arches.  Tlie  fourth  arterial  arch,  which  gives  rise  tn  ti 
[lulinonary  arteir  i,Ap),  i)aa  incroosed  conBiderably  in  size  relntivdy, 
IS  only  uonaecled  by  a  delicate  ductus  Botalli  (+)  with  the  second  ■ 


Sva 


between  them  becomes  established  ( Fig.  300).     Finally,  the 
nection   between   the   first   and   second    arches'  disappears, 
former  giving  rise  to    the   carotid   and    the    latter  forming  1 
large  aortic  raot :  an  anastomosis  remains  throughout  life,  h " 
ever,  between  the  fourth  arch,  which  forms  the  pulmonary  ar' 
and  the  second  and  thud  arches.     This  is  usually  spoken  of  a 
ductus  Botalli.     The  thii-d  arch  varies  greatly  in  its  developmei 
it  may  be    present   on  one  side  only,  or  iiiay   e^en  be  entir 
wanting  (f.g.  Triton ).     In  the  larvie  of  Aniira  there  are  also  i. 
afferent  branchial   arteries  present  on  either  side,  but  these  t 
connected  with  the  coi-i-esponding  efferent  ves.se!s  by  capillai 


HEART 


407 


only,  there  being  no  direct  anastomoses.  The  consequence  of  this 
is  that  all  the  blood  becomes  oxygenated.  In  the  adult  Frog 
the  third  arterial  arch  is  entirely  obliterated,  and  there  is  no  ductus 
Botnlli :  the  other  vessels  resemble  those  of  the  Sulamander. 

Reptilei. — As  in  all  Amniota,  the  heart  of  Reptiles  arises  far 
fiirwards  in  the  neighbourhood  of  the  gill-clefts,  but  on  the  forma- 
tion of  a  neck  it  comes  to  lie  relatively  further  back  than  in  the 


A,  Lacerta  laandia,  and  B,   a 

C,    I>IA(IIUM 

.4,^',  atria;  .'la,  clonal  aorta:  Ap,  Ap*,  pulmonarj' 
artories ;  ^(f,  ^>,  Bubclavians ;  Cn,  Ca',  carotids  ; 
a,  postcaval;  J,  jugular;  ffyf,  root  of  aorta: 
Ir,  Ti-i't,  iiiiioiiiiiiate ;  Vp.  pulmonary  vein  ;  V»,  subclavian  vein  ;  I',  I",  ven- 
tricles !  1,  S,  Ist  and  2rnl  arterial  arches  :  t,  ',  right  anil  left  aortic  arches. 
Ill  C,  the  pre-  anil  poslcavaU  are  indicated  by  Ve,  Vc,  only  one  precaval  being 
repreaenteil.  A  librou»  conl  ronnocta  the  apex  of  the  ventricle  with  the  peri- 
cnrdiiiiii  in  moat  Lizards. 


Anikninia,  and  this  is  mure  especially  the  case  in  Aniphisbjenians, 
Snakes,  and  Crocwlilea.  The  carotid  arteries  and  jugular  veins 
are  thiis  correspondingly  elongated. 

The  sinus  venosue,  which  even  in  the  Amphibia — especially 
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Anura — shows  indications  of  becoming  sunk  into  the  right  atrium 
is  now  usually  no  longer  recognisable  as  a  distinct  chamber  ex- 
ternally, though  it  still  persists,  with  the  two  typical  valvea 
(cf.  Figs.  311-313).  It  becomes  jwirtially  divided  into  two  portions 
by  a  septum,  on  the  left  of  which  the  left  precaval  opens : 
this  subdivision  of  the  sinus,  hanlly  indicated  in  Chelonians,  is 
well  marked  in  Crocodiles,  and  ia 
complete  in  Birds  and  MammalB. 
The  pulmonary  veins  unite  into  a 
single  trunk  before  entering  the  left 
atnuni. 

The  atrial  septum  is  solid  and 
imperforated ;  and,  as  its  niarf(in 
reaches  much  further  posteriorly 
towards  the  ventricle  than  in  Am- 
phibians, it  not  only  completely 
separates  the  two  atria,  but  also 
divides  the  atrio-ventricular  aperture 
into  two.  The  two  primarily  dorsal 
and  ventral  atrio-ventricidar  valves, 
moreover,  become  fused  together  and 
then  again  subdivided  in  the  plane 
of  the  atrial  septum,  so  that  a  right 
and  left  valve  are  now  seen.' 

The  princij>al  advance  in  structure 
lis  compared  with  the  amphibian 
heart  is,  however,  seen  in  the  appear- 
ance of  a  muscular  retitriciUar  septum, 
which  may  be  incomplete  (Hatteria, 
Lizards,  Snakes,  Chelonians),  or  com- 
plete (Crocodiles).  The  higher  Liz- 
iiKls  {cff.  Varanida?,  Fig,  310,  B)  come 
nearest  the  Crwodiles  in  this  respect,  but  in  no  Reptiles  except 
the  latter  is  there  more  than  a  perio<lic  physiological  separation 
between  the  two  halves  of  the  ventricle.  A  complete  septum 
ventriculorum  thus  appears  for  the  first  time  in  Crocodiles  (Fig, 
314),  in  which  consequently  the  right  ventricle  contains  unmixed 
venous  blood,  and  the  loft  ventricle  unmixed  oxygenated  blood, 
although,  as  will  be  seen  presently,  an  admixtui-c  takes  place  in  the 
systemic  arteries.  In  Crocodiles  the  right  atrio-ventncular  aper- 
ture is  guarded  by  a  large  museidar  flap  on  the  right  (outer) 
side  of  the  aperture. 

The  conus  arteriosus  now  becomes  practically  absorbed  into 
the  ventricular  portion  of  the  heart,  and  each  aortic  ro<)t  may  be 

'  III  ARcaUbotu  («.^.  TVirfiifD/ioitatin'dfnirajandChelonta  the  pruxinialparcof 
tlieaortico-pulmunary  septum  enclosea  a  plate  of  hyaline  cartilage  (cartilage  of 
Bojanua),  aiid  c«rtilagea  may  occur  in  the  neighbourhood  of  the  Bemitnnar  valvea 
the  aorta  and  puUnonary  artery  in  other  Reptiles  It.g.  Crocodiles). 


Fw.  311.— Hbabt  of  Cyr/odu^ 
haUiatrtti,  From  the  dorsal 
side.     (After  lUiae.) 

An,  Aii.f,  innominate  arteries; 
Ao.aM,  dorsal  aorta;  D.O.it, 
I'.C.n,  precaval  veins  j  L.i; 
pulmonary    vein ;     l'.»,    P.il, 


Yig.    318)  J     r.C.d,    posterior 

LTinliiial ;  I'j.rf,  jugulnr,  and 
V.K.d,  subclavian  vein  of  the 
right  side!  I'.c,i,postcavalvein. 
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made  up  at  its  origin  of  two  arches,  anastomosing  with  one 
another  (Lacerta,  Fig.  310,  a),  or  of  one  only  (certain  Lizards, 
Snakos,  Cholonians,  and  Crocodiles,  Figa.  310,  b,  3X2),  from  which 
the  carotid  artery  arises  directly.    The  left  and  right  aortic  arches 


Kii:.  3I±  — Heakt  i>k  a  YuL'Nii  Crocodittit  vilolknii.  From  the  (loreal  luile. 
(After  ROBe.) 

A-l  nnd  Ai,  right  unil  left  sortie  archei  ;  A.m.  meientark  nrtery  ;  L.l'.k, 
H.  V.h,  left  Anil  right  atrin  ;  S.d,  S.t,  aubcl&viaii  arterieo  ;  Tr.rc,  common 
caroiid  ;   l'..-.--,  coron&ry  vein,     Otiier  letters  as  in  Fig.  31 1. 

h'u-.  :1K<.— HE.tKT  UK  CroeodUiu  hUoIkiu.     From  the  right  side.     (After  Ruse.) 

Part  of  the  wall  of  the  right  atrium  in  reniove<L 
0.a,c,  a  trio- ventricular  aperture  ;  Va.d  anil  I'a.*,  the  two  sinu-auricular  valves, 

the  white  line  between  whicli  is  tbc  margin  of  the  septum  siam  venoni.  Other 

lettui's  as  in  Figa.  31 1  and  312. 

cross  at  their  base,  so  that  the  left  arises  on  the  right  side,  and 
vice  versa.  The  most  posterior  arterial  arch  gives  rise  to  the 
pulmonary  artery  (cf.  Fig.  301,  d). 

The  blood  from  the  right  ventricle  passes  into  the  pulmonary 
artery  as  well  as  into  the  left  aortic  arch,  and,  according  as  the 
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septum  ventriculoruui  is  complete  or  incomplete,  is  either  entirely 
venous  (Crocodiles)  or  mixed  (other  Reptiles).  Thus  even  in 
Crocodiles,  although  unmixed,  venous  blood  passes  to  the  luDgs, 
the  systemic  arteries  contain  mixed  blood ;  moreover,  a  small 
aperture  of  communication  (the  foramen  of  Panizza)  exists 
between  the  two  aortic  roots  at  thoir  origin,  just  distal  to  the 
valves  (Fig.  314).     The  valves  at  the  base  of  the  main  arterial 


Fi.i.  3U.— DiAtiR. 


.^i-.--- 


(Afler  A.  (ir 


Ventral  v 


AccilaxiA  Ae.c.e,  right  and  left  toUati^ral  artery  [  A.f.p,  preverteljral  carotid  ; 
A.cft,  celiac  ;  Ao.d,  Ao.i,  right  and  left  aortic  nrclies  or  roots  :  Ao.dor*, 
dorsal  aorta  ;  A.a.d  and  A.n.g,  riglit  and  left  Bubolaviun  :  At.d  and  Af.», 
right  atid  left  atrium  ;  d.A,  an-called  dorsal  anaxtomosia  of  the  tno  aortic 
arches:  /"./■,  foramen  of  Paniz7.a;  L.B.il,  riglit  ligameiitiim  Botalli : 
0.a.v.d  and  O.n.c.*,  right  and  left  at lio- ventricular  oHtium  ;  I'.A,  root  of 
pulmonary  artery;  R.p.d  and  R.ii.',  right  and  left , pulmonary  artery; 
S.(u>,  aortic  septum ;  S.ao.p,  aortico-pulnionorj-  septum  ;  S.  V,  v'entricumr 
septum;  T.a.rfand  T*.!!.!,  right  and  left  innominate; ;  r.rfandl'.-,  right  and 
left  ventricle. 

Stems  have  undergone  a  considi-rable  reduction  in  Reptiles  as 
compared  with  lower  forms ;  there  is  only  a  single  i-ow  at  the 
origin  of  each  aorta  and  the  pulmonary  artery.  Coronary  vessels 
re  well  developed. 


Bird!  and  Hammali. — In  the^c  Oli.sse»,  the  atrial  ami 
vontncitlar  septa  arc  always  complete,  and  there  is  no  longer  any 
mixtuiv  of  the  arterial  and  venous  blood.  The  muscular  walls  of 
the  Ventricle  are  strongly  developinl  and  \ury  comiiact.  This  is 
[larticulHrly  the  case  in  the  left 
ventricle,  on  the  inner  wall  of 
which  the  papillary  muscles  are 
veiy  strong :  the  left  ventricle  is 
partially  surrounded  by  the  right, 
the  cavity  of  the  latter  having 
*a  semilunar  tmnsverse  section, 
and  its  walls  being  much  thinner 
than  those  of  the  fonner  (Fig. 
315). 

Both  in  Birds  and  Mammals 
the  blood  from  the  head  and  body 
passes  by  means  of  the  precavals 
and  postcaval  into  the  right 
atrium,'  as  does  also  that  from 
the    walls    of  the   heart  through 

the  coronary  veins,-  and  the  sinus  venosus — especially  in 
Mammals — is  scarcely  recognisable  (Figs.  316-318) :  the  right 
atrium  i»  separated  from  the  right  ventricle  by  means  of  a  well- 
developed  vatvo.  In  Birds  this  vTilve,  like  that  of  Crocodiles, 
is  very  large  and  muscular,  while  in  most  Mammals  it  consists 
of  three  membranous  lappets  (tricuspid  valve)  to  which  are 
iUtached  tendinous  cords,  arising  from  the  papillary  muscles. 
In  Birds  and  Monotromes  the  left  atrio-ventricular  aperture  is 
jinividod  with  a  valve  consisting  of  three  membranous  folds:  in 
ot  her  Mammals  there  arc  only  two  f<)ids,  and  the  valve  is  therefore 
knownastheft('«(J7i(V/or»n(crt/.^  Three  semilunar  pocket-like  valves 

'  CunBider&bto  vnriatioiis  are  seen  in  Birds  in  thia  riiepect  ;  all  three  veins 
may  open  tiigether,  or  separately ;  or  again,  tlie  left  precaval  may  open  inde- 
IK-ndently,  aim  the  right  precaval  and  postcaval  twether. 

''  1'hcfte  open  into  the  liaiw  of  the  left  precaval  {i-oroHary  >ihii«),  the  rest  of 
«  hii'li  Hixappears  in  certain  MammaU.  Coronary  art«riu«  are  also  preuent,  arising 
from  (he  liasc  of  the  aorta. 

'  'i'hi-re  are  no  chorxlit  tendineie  in  Monotreniei',  the  heart  of  which  in  many 
nthiT  reiperlH  reseniblee  that  of  the  Kauropsitlo.  One  of  the  lappets  on  either 
side  inattaoheil  to  the  septum  :  on  the  left  aide  there  in  one  laterallappet,  Bnii  on 
the  riglit  two.  In  Marsupials,  the  number  of  lappets  in  the  "  tricuspid  "  valve 
varies  liet ween  two  and  five.  As  regards  the  papillary  inUBcIee,  the  following 
may  Iw  taken  an  a  type  in  Placental  Maromalfl.  In  the  right  ventricle  the  two 
lateral  laii]>ets  are  connected  with  three  papillary  inuRuk-H  or  groups  of  innscles  ; 
'   'icHc  the  Htrongeat  is  Uteral,  arising  from  the  sept  '         "'      '  ■■" 


of  thoHc  the  Htrongeat  is  htteral,  arising  from  the  septum  or  from  the 

of  the  ventricle,  the  others  being  reHpectively  ventral  and  dorsal,  thu  muni  m 

wliich  is  the  weakest  of  the  tiiree.     The  median  lap{>et  is  usually  ooimccted  by 


m.iy  lie  ]>re!>ent.  In  the  left  ventricle  there  if 
panillary  miinclcs.  from  which  the  cliordie  tendineie  exclusively  arisu  :  the  lateral 
valve  is  nlso  connected  direftly  with  the  lateral  wall  of  the  ventricle  by  a  few 
tendinous  cords. 
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are  also  present  at  the  origins  of  the  pulmonary  artery  and  aorta 
both  in  Biitls  and  Mammals. 

As  regards  the  origin  of  the  great  vessels,  Birds  are  distin^ished 
from  Mammals  by  the  fact  that  in  them  the  right,  while  in  Mammals 
the  left,  aortic  arch  persists  (Fig.  301,  E,  f)  ;  the  corresponding 
arch  of  the  other  side  in  both  cases  takes  part  in  forming  the 
subclavian  artery.  Thus  both  in  Birds  and  Mammals  there  is  only  a 
single  aortic  arch.  As  in  Amphibians,  the  posterior  arterial  arch 
gives  rise  to  the  pulmonary  artery. 

The  pulmonary  veins,  two  from  each  lung,  open  close  together 
into  the  left  atrium  (Fig.  317). 

Amongst  the  more  important  points  in  the  development  of  the 


V,e,sJ. 


Fn;.  31<i.— Hkart  OK  (iooNK  {An<tr  rK/ffnris)^  disswtei)  fkom  tuk  KHiiiT  side. 

(After  Rr)se.) 

The  right  alrium  and  ventricle  are  t^nt  open,  and  their  walls*  reflected.  AOf 
aorta  ;  />.  Ti,  llnibusfossiu  ovalis(Vieu8.senii)— arMge  arising  from  the  ventral 
wall  of  the  right  atrium  :  tlie  space  between  this  an<l  the  septum  atrioruin  is 
known  as  the  spatium  intersepto-valvulare  (cf.  Figs.  311  and  312).  MK, 
AfK\  muscular  right  atrio-ventricular  valve  ;  S.a,  septum  atrionim  ;  V,a.d, 
r. '?..<<,  the  two  sinu-auricular  valves,  situated  at  the  entrance  of  the  postcaval  ; 
r. '*.'',  aperture  of  coronary  vein  ;   V.c.^^.dy  right  precaval. 

heart  may  be  mentioned  the  fact  that  in  the  embryo  the  two  atria 
communicate  with  one  another  by  means  of  an  aperture,  the 
fiframcn  avale,  or  by  several  apertures,  formed  secondarily  in  the 
atrial  septum,  through  which  the  venous  blood  from  the  right 
atrium  passes  directly  into  the  left  atrium  (Fig.  318).  This 
foramen  becouies  closed  later  by  secondary  growths,  which  are  less 
complicate<l  in  Birds  and  Monotremes  than  in  Placental  Mammals, 
in  which  a  secondary  circular  septum  is  found,  and  when  the  lungs 


come   into  iiso,  its  positiyn  can   still   be   recognised    as   a   thin 
area  {foss-  orolis)  in  the  atrial  septum,  siiiToiin<ied  by  a  circular 


riiig..' ["w»"/('S  oralis).     Extending  fi-om  this  to  the  base  of  tlie 
|iustc-aval  and  right  preraval  resper lively  an--  two  more  or  less  wcll- 


(luiii  the  left  Bide.  (After  Br.»c. )  I'he  «iill« af  tlie 
piirtly  rciiioveil  in  eacti  fiijure. 
A.o,  aorta  ;  D.B,  tliictiiM  Bot&lli  (duclua  arteriosun) ;  F.o.r,  furauien  ovftle  ;  L.  V, 
left  ntriuni  ;  L.r,  pulmonary  vein  ;  /',  f.il,  I'.r,  pulnionory  artery  ;  I'n,«, 
left  sinii-aurivulnr  vnlve,  fused  witli  the  leptuni  atrionim  {Ha,  V.a.f) ; 
Vn.Th,  Thebeainii  valve,  iii  direct  connectioii  Willi  llie  Kuatachian  valve 
{  V'i.E) ;   r.c.r,  foronary  vein  ;   V.e.i,  jKMtcaval ;   J'.r.«,  left  prccaval. 

inarkid  tblds,  known  as  the  postcaval  {EuitachUm)  valve  and  the 
viiKe  of  the  coronary  sinus  {Tfiebesian  valve)  respectively  (Fig, 
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318,  a)  ;  these  represent  the  remains  of  the  sinu -auricular  valves, 
and  in  the  embryo  aid  in  conducting  the  blood  from  the  right 
atrium  into  the  left.^ 

Great  variations  are  seen  in  the  mode  of  origin  of  the  carotids 
and  subclavians  from  the  arch  of  the  aorta  in  Mammals.  For 
example,  there  may  be  a  brachioccpJialic  or  iuTiomincvte  trxinh   on 


1) 


K 


Fir;.  319. — Five   Different  Modes  of  Orkjin  of   the  (iREat  Vessels   from 

THE  Arch  of  the  Aorta  in  Mammals. 

Aoy  aortic  arch  ;  f,  carotids  ;  x,  subclavians  ;  th^  thCy  brachiocephalic  trunk. 

either  side  (Fig.  319,  a)  ;  an  unpaired  common  brachiocephalic, 
from  which  the  carotid  and  subclavian  of  one  or  both  sides  arise 
(b,  c,  e);  or  a  common  trunk  of  origin  for  the  carotids,  the 
subclavians  arising  independently  on  either  side  of  it  (D). 


Arterial  System. 

In  Amphioxus,  the  ventral  aorta,  as  in  the  Craniata,  gives  off 
a  series  of  afferent  branchial  arterteSy  which  are,  however,  in  cor- 
respondence with  the  greater  number  of  gill-clefts,  much  more 
numerous  than  in  other  Vertebrates.  The  afferent  branchial  vessels 
pass  up  the  primary  gill-bars,  and  give  off"  branches  to  the  secondary 
gill-bars  (Fig.  258).  and  both  series  of  branchial  vessels  open 
dorsally,  as  ef event  hran-chial  artcricSy  into  a  dorsal  aorta  on  either 
side.  The  latter  unites  with  its  fellow  posteriorly  to  the  pharjTix 
to  form  a  median  dorsal  aorta,  which  gives  ofif  branches  to  the 
intestine,  &c. 

The  essential  relations  of  the  carotid  arteries,  dorsal  aorta,  and 
pulmonary  arteries  in  the  Craniata,  as  well  as  of  the  embryonic  vitel- 
line arteries,  have  already  been  dealt  with.  Two  carotids  (usually 
described  as  anterior  and  posterior,  or  as  internal  and  external)  can 
usually  be  recognised  in  Fishes,  arising  independently  on  either  side 
from  the  anterior  afferent  branchial  arteries,  but  varying  much  in 
their  arrangement  (Figs.  304, 3'20, 821 ) :  there  may  also  be  a  ventral 
7nandibular  or  Ungual  artery.  From  the  Amphibia  onwards, 
internal  and  external  carotids  are  formed  bv  the  bifurcation  of  each 
common  carotid.     In  these  higher  tyi)es,  the  internal  carotid  passes 

^  Ossifications  may  occur  in  the  neiglibonrhood  of  tlie  atrio-ventricular  and 
arterial  apertures  in  various  Ungulates. 
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entirely  into  the  cranial  cavity,  and  supplies  the  brain  with  blood, 
while  the  external  carotid  goes  to  the  external  parts  of  the  head 
(face,  tongue,  and  muscles  of  mastication). 

In  Fishes  a  series  of  nutrient  branchial  vessels  arise  in  connec- 
tion with  a  hypobranchial  artery  formed  by  the  union  of  vessels 
given  off  from  the  ventral  ends  of  the  afferent  branchial  arteries 
(FiRs.  320,  321,  and  cf.  note  on  p.  405). 

The  origin  of  the  subclavian  artery,'  which  supplies  the 
anterior  extremity,  is  very  inconstant,  being  sometimes  symme- 
trical, sometimes  ai-yra metrical.  It  arises  either  in  connection 
with  the  posterior  afferent  branchial  vessels,  or  from  the  roots  or 
main  Lnink  of  the  aorta.     Extending  outwards  towards  the  free 


The  ventral  aorta  an<l  alTerent  branchial  vewwla  arc  in  solid  black  ;  the  aflerenl 
arlcriea  and  their  br»nchc«  have  double  contoars.  Thebranchialcleftehava 
frin^l  bordeni  lo  indicate  their  hemibranchs,  and  the  arches  are  in  simple 
outline, 

a.r.ft,  anterior  (ventral)  carotid;  a.tl.a,  anterior  dorsal  aorta;  af.h.a,  aflerenl 
branchial ;  hr.a,  brachial  ;  r.m.a,  c<e1iaco- mesenteric ;  rf.i,  dorsal  aorta  ;  £, 
eye;  fp.a,  embranchial ;  If,  heart;  h.b.a,  hypobranchial;  hg.it,  aflerenl 
pacuclobranchial  or  hyoiilean  ;  md./i,  mandibular  ;  oji.a,  ophthjklmic  ;  p.r.n, 
poalarior  (dorsal)  carotid  ;  ih.ii,  anbclavian  ;  up,  xpiraole ;  v.a,  ventral  aorta ; 
1—^,  the  hjobranchiol  and  /our  succeeding bi-anchial  clefts. 

extremity,  the  subclavian  passes  into  the  brachial  artery,  which  in 
higher  forms  divides  into  an  ulnar  and  a  radial  branch,  and  these 
again  subdivide  to ,  form  the  arteries  of  the  manus.  The 
condition  seen  in  lower  forms  and  in  certain  embryonic  stages  of 
higher  types  shows  that  these  vessels  arise  from  networks,  which 
occur  more  particularly  along  the  larger  nerve-trunks.  Each 
main  vessel  is  therefore  merely  a  more  strongly  developed  portion 
of  a  connected  system  of  canals  which,  especially  in  the 
axillary  region,  is  seen  to  bo  formed  originally  from  segmental 
vessels  coiinecti^l  by  longitudinal  anastomoses. 

1  In  tlie  Aln]>hibia  the  great  cutaneous  artery,  arising  from  the  subclavian, 
extends  backwards,  anatplomoaes  with  the  epigMtrio  artery,  and  gives  off 
" n  branches  to  the  skin. 
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From  the  dorsal  aorta  arise  parietal  (intercostal,  lumbar),  and 
caeliac,  mesenteric,  and  urinogenilal  arteries,  supplyiug  the  body- 
walls  and  viscera  respectively.  These  all  vary  greatly  both  in  number 
and  relative  size :  thus,  for  instance,  there  is  sometimes  a  single 
cceliaco-mesenteric  artery,  sometimes  a  separate  cceliac,  and  one 
or  more  mesenteric  arteries  (Figs.  322  and  323).^  The  renal 
and  genital  arteries  also  vary  in  number  and  arrangement.  All 
the  branches  of  the  dorsal  aorta,  however,  present  primarily  an 
approximately  metameric  character,  their  number  becoming  more 
or  less  reduced  owing  to  a  concentration  of  the  vessels,  which  is 
Ida. 


af6.d. 


HJba. 


Fio.  321.— Bit  AN  CHI  AL  Aktrrial  System  op  Cuu  {.Oadnt  morrftua).  Lateral 
view.     (From  Bridge,  altered  trom  T.  J.  Parker.) 

af.h.a,  laC  and  2nd  afforeDt  branoliial ;  c/.a,  ewliac  ;  d.a,  median  dorsal  aorta ; 
tf,b,a,  first  afferent  branch ial ;  «j:.c,  "  external  "  carotid  ;  //,  heart;  hy.a, 
hyoidean ;  fig.h.a,  hypobranchial  (to  lieart  and  pelvic  final ;  hy.pt, 
Bpiracular  pBoudobronth  ;  in.i:,  "interjidl"  carotid;  l.d.a,  left  supra- 
branchial;  in.a,  nienenteric ;  on,  orliitunasal ;  oj>A.a,  oplithabnlc ;  r.d.a, 
right  suprabranchinl ;  ili.a,  Hiiinlavian ;  c.n,  ventral  aorta;  1—5,  hyo- 
branchial  and  xiicceeding  gilldefts. 

more  marked  in  shorb-bodicd  than  in  loug-boditd  Vertebrates. 
In  other  cascH  a  reduction  in  the  number  of  vessels  takes  place  by 
the  formation  of  anastomoses,  one  branch  taking  to  itself  the 
peripheral  twigs  of  another  branch,  .so  that  the  main  stem  of  the 
latter  disapjwars.^ 

'  The  rfeHai-  typiually  mijiplies  the  Htoniach.  liver,  and  aplucn  ;  one  or  niitre 
anterior  latmiiltrica  tliu  whole  intestine  with  the  exception  of  tlie  rectum,  as  well 
ax  the  pancreas  :  anil  a  ponltrior  mr'eiifci-k  tlie  rectum.  In  Hatteria  a  very 
priinitivo  arrangement  of  the  branche-i  of  the  aorta  is  retaincil. 

^  Hpecial  mention  must  !«;  made  of  tlie  collitlcrat  f.rteltraJ  arltry,  which  in 
Urodelcs  ariiteN  on  either  side  from  the  root  of  the  uorta  anil  extends  backwards 
along  the  vertebral  eolunni  to  the  end  of  the  tail  (Fig.  »ii).  At  the  liase  of  tlio 
transverse  processes  nninei'oua  branches  extend  from  it  into  the  vertebral  canal, 
while  others  pass  along  the  ribs  and  reach  tm  far  as  the  skin  ;  it  also  couiinimicatfls 
with  the  aorta  along  its  entire  length. 
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:,  iloi'Mil  aorta  ;  A}>,  pulmonary ;  Br,  Br,  the  two  bronchi  ;  G,  caudal  aorta  ; 
Cue,  common  tarotidB,  with  tracheal  ami  itgopht^eal  branches  (Tr,  Ot)  ; 
Co,  Co',  and  Mt,  (.wliaco-niexenteric,  which  here  arieeB  oa  a  bundle  of 
separate  vessels  :  Cr,  femoral ;  if,  d,  nmall  intestine  ;  E,  epigastric  ;  c,  lajve 
intestine  ; /a,  sciatic :  i».  stomach  :  MB,  posterior  mesenteric ;  RA,  aortio 
arches ;  Sf,  Biibclavian  ;  Tr,  trachea ;  UO,  urinogenitat  arteries ;  Fa; 
vertebral. 
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caudal  aorta  is  spoken  of  as  the  median  sacral  artery,  aiid  the  aorta 
here  a])pears  to  be  directly  continued,  not  by  it,  but  by  the 
common  iiirw  arlcHes,  which  pass  outwards  into  the  pelvic 
n'gion  (Fig.  822). 

Each  common  iliac  artery  becomes  divided  into  an  internal 
ilvtc,  or  ht/pogastric,  supplying  the  viscera  of  the  pelvis  and 
(Urivcd  from  the  proximal  portion  of  the  embryonic  allantoic 
artery,  and  an  external  iliac,  which  is  continued  into  the  femoral  or 
crural  and  supplies  the  hinder  extremity.  In  some  cases  (e.g. 
Sauropsida)  the  internal  and  external  iliacs  come  off  separately 
from  the  aorta  (Fig.  323),  thus  indicatiug  the  primary  segmental 
nature  of  the  arteries  supplying  the  embryonic  extremity. 

The  arteries  of  the  hind-limb,  like  those  of  the  fore-limb,  have 
undergone  considerable  modifications  in  the  course  of  phylogeny. 
Thus  it  is  highly  probable  that  the  femoral  artery  was  not 
originally  the  chief  vessel  of  the  posterior  extremity,  but  that  the 
main  How  of  blood  passed  along  the  sciatic  artery  arising  more 
[)osteriorly  from  the  aorta,  as  is  still  the  case  in  the  Amphibia 
and  Sauropsida  and  in  certain  embryonic  stages  in  Mammalia.^ 


Venous  System. 

AmpbiozuB. — The  blood  from  the  intestine  passes  into  a 
i< I i.h intestinal  vein  which  extends  forwanls  as  the  hepatic  portal  vein 
to  the  ventral  side  of  the  rudimentary  liver,  where  it  divides 
up  into  a  capillary  network  (Fig.  824).  From  this  it  passes  into 
a  hcjudic  vein  on  the  dorsal  side  of  the  liver,  and  this  vein  becomes 
continuous  with  the  contractile  ventral  aorta.  A  series  of  seg- 
mental veins  in  the  body  walls  opening  into  anterior  and 
[)osterior  cardinal  veins,  comparable  to  those  of  Fishes  and  com- 
municating with  the  ventral  aorta  by  precaval  veins,  have  also 
been  described  (Fig.  324). 

Fishes. — Taking  the  Elasmobranchii  more  particularly  into 
consideration,  a  few  of  the  more  important  facts  as  regards  the 
development  of  the  veins  must  first  be  considered  (cf  p.  397). 

The  first  veins  to  appear  in  the  embryo  are  the  paired  omphalo- 
vuiscntcric  veins,  which  bring  back  the  blood  from  the  surface  of 
the  yolk  and  from  the  walls  of  the  gut  (Figs.  300,326, 1,  II).  The 
vessels  from  the  former  region  are  known  as  vitelline  veins,  while 
those  from  the  latter  give  rise  to  subintestinal  veins  (Fig.  326,  III — 
VII)  running  beneath  the  embryonic  intestine,  which  primarily 

^  The  tibialis  antica  and  tibialis  postica,  like  the  radial  and  ulnar  arteries  of 
tlie  fore-arm,  do  not  represent  the  chief  vessels  of  the  shank.  At  an  earlier  stage 
all  these  were  relatively  small  branches,  while  the  main  stream  passed  along  an 
intrt-nal  iiUerossewM  and  then  a  median  artery  in  the  fore-arm,  and  a  peroneal 
or  branches  of  a  primitive  mMjthenous  artery  in  the  shank. 

E  E* 
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(Aflur  a.  Zaniik.) 
DC'tl,  DCa,  righl  anil  left  precaval ;   i>x,  jnteatinal   sinus  ;  Gg,  genital  veuels  ; 
Lf,    beptio  lacunar ;    Lr,   hepatic  vein ;    PI,   parietal    lacuiue ;    Qe'i-^Qp', 
transverse    veins:    Si;    veiital    aorta   ("sinus  venoeiiB ")  ;    Vea,    anterior 
ranlinni ;  Vnl,  cauHnI ;   IV/i,  posterior  I'snlinal ;   Vni,  subintestinal  vein. 

extends  into  the  caudal  region  as   the   post-anal   gut.     On   the 
disappearance  of  the  latter,  the  posterior  part  of  the  subinteebinal 
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vc^sfls  gives  rise  to  the  canilal  vei7t,  which  now  lies  directly 
beneath  the  caudal  aorta  and  loses  its  direct  connection  with  the 
anterior  part  (VIII — XII).     As  the  liver  is  gradually  developed, 
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Y\»'.  :^>V  — l^iv-  Kvv  ■  »  <T\..>>  IN  THL  l>i:\Lj..'ivk>r  "F  THi:  Veins  in  £i_^s«v- 
rKv>»  K>^      1   -XI  Aiu-r  KjkV..  XII  Jir.cr  F.  H«;<b>:c"er.  • 


:>.*  vX^oA  :  i  ■!.'.  i^r>M:*vAl  vein  c-r  *:r.-*  :  /*.  /•.  vitcllir.c  vt:-*  :  H^  sinoi 


\t:T>  :  .V.  f.  viZ'A\  ix^r:*!  ^x^tes:  :  '.*•.  «.•:',  ;<::  at.-:  rl^t:  o^iph-ilo"-; 
>«S'a:;*  |vc:jkl  ^\s-. «■:..■.  :  *.  i-iiu:::  >:r."-  :  -.  tAr\l:rju  sir..;-. 

:hi  :..,\i:-  :r-.;i:£  .:  :::-.•  .en  •  :.-vr.A..>:i:v5k:.>.r.:  v-.:l.  crraita  up  into 
htiis::."  03»i^:''.Ar:t-<.  T»h:oh  Airaiii  uviitir  iULi-er:  rlv.  v-enin*:  ini^  the 
J  •^.\\:v.va'.  tri«.:>  . :  K:h  :r.e?<?  \r:::>.     T::e  .w.-rz  :r.M-  ^.v^  rUe  to 
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Fio.  327.— Diagram  of  the  Veins  of  an  Elasmobranch.    From  the  ventrml 

side. 

Card.ant.{Jng),  anterior  cardinal  (jugular) ;  the  inferior  jugular  is  seen  nearer 
the  middle  line ;  Card.  V.  S,  cardinal  sinus,  communicating  with  its 
fellow  in  the  middle  line;  Caud.Vj  caudal  vein,  which  divides  into  two 
renal  portals,  A^  A^,  at  the  posterior  end  of  the  kidneys  (N) :  from 
these  arise  the  atlvehent  veins  of  the  renal  portal  system  ( V.adv) ; 
]Juct.Gu\\  precaval  sinus;  Gen,V,  genital  veins;  H,  heart;  Left,  liver; 
L.V.Sj  hepatic  sinus;  Seit.Vy  lateral  Vein,  into  which  open  a  venous 
network  in  the  region  of  the  cloaca  {Ven.CLB)^  one  or  more  cutaneous 
veins  of  the  tail  (Cut.  T),  and  veins  from  the  body- walls  and  pelvic  fins  {HEV)  ; 
Subcly  subclavian ;  V.port,  hepatic  portal  vein,  receiving  its  blood  from 
the  intestine  (ED)^  stcmach  {Mg)^  and  cesophaffus  {Oes.  V)^  and  anastomosing 
with  the  lateral  vein  posteriorly  and  with  the  cardinal  sinus  anteriorly  ; 
V.reVy  revelient  renal  veins,  from  which  the  posterior  cardinals  (CV)  arise  ; 
t,  anastomosis  between  portal  and  systemic  veins. 

the  h€2miic  veins,  which  open  into  the  sinus  venosus.  New  vessels 
from  the  various  parts  of  the  alimentary  canal  (gastric,  splenic, 
and  mesenteric  veins)  are  gradually  developed,  the  pre-caudal 
portion  of  the  subintestinal  vein  becoming  of  minor  importance  ; 
all  these  vessels  unite  to  form  what  is  now  known  as  the  hepatic 
portal  vein,  and  thus  pour  their  blood  through  the  capillaries 
of  the  liver  (Figs.  325-329,  and  331). 

Anteriorly  to  the  heart,  a  paired  precaval  vein  {ductus  Cuvieri) 
is  developed,  and  opens  into  the  sinus  venosus.  This  is  formed, 
on  either  side,  by  the  confluence  of  an  anterior  and  a  posterior' 
cardinal  vein,  the  former  bringing  back  the  blood  from  the  head 
(external  and  internal  jugnlars),  and  the  latter  from  the  body, 
in  which  it  runs  on  either  side  of  the  aorta,  between  the  latter 
and  the  kidneys.  A  paired  inferi^^  jugnlar  from  the  ventral  part 
of  the  head  into  which  the  nutrient  branchial  veins  open,  also 
communicates  with  the  precaval.  A  mhclavian  vein  from  the 
pectoral  fin  also  enters  to  the  precaval  sinus  or  proximal  end  of 
the  posterior  canlinal  vein. 

The  caudal  vein  usually  bifurcates  posteriorly  to  the  cloaca,  each 
branch  passing  along  the  outer  side  of  the  corresponding  kidney, 
and  giving  off  advehent  vessels  into  the  latter.  These  divide 
up  into  capillaries,  forming  a  renal  portal  system,  the  capillaries 
again  uniting  to  form  revehent  veins  which  open  into  the  posterior 
cardinals.  Thus  the  condition  of  the  veins  typical  of  adult 
Fishes  is  reached,  and  a  few  of  the  more  important  modifications 
must  now  be  briefly  referred  to. 

In  Cyclostomes,  Elasmobranchs,  and  Dipnoans,  the  anterior 
part  of  the  subintestinal  vein  still  persists  as  a  small  vessel 
running  within  the  spiral  valve  of  the  intestine.  In  the  Elasmo- 
branchs, many  of  the  veins  (e.g.,  precavals,  anterior  and  posterior 
cardinals,  inferior  jugulars,  hepatic  and  genital  veins)  enlarge 
to  form  capacious  sinuses,  and  a  large  lateral  vein  (Figs.  325,  327), 
running  in  the  body-walls,  opens  into  each  precaval  or  posterior 
cardinal.  This  probably  con-esponds  to  the  vein  of  the  primary 
lateral -fin  folds  (p.  137). 
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■:.  32H.  — ))i*(iHAM  iiF  THE  Vksod8  Svhtkm  OF  /'roto/ileriui  attttf^tetm.      From 
the  ventral  side.     (After  W.  N.  Porker.) 

,  atrium  ;  B.  V.  pelvic  vein :  ra,  conus  nrterioauB  ;  Cp,  postcaval ;  Da,  intea- 
tine  :  DC.  DC.  precaval  veina  ;  O.B,  gall-bladder ;  0.0,  bile-duct ;  Je,  Ji, 
internal  and  external  jaftular  :  L,  liver  ;  £.  O,  lymphoid  organ  in  the  walU  o( 
the  stomach,  the  blood  from  which  pSBBes  into  the  hepatic  portal  veina 
(  Vfio,  Ppo')  i  M,  stomach  ;  AT,  X,  kidneys  ;  tet,  (esophageal  vein  ;  Oco, 
ovarian  veins  :  p,  perioardiam  ;  par.v,  parietal  veins  from  the  body-walla ; 
■     '  r  cardinal  vein,  which  is  connected  by 


,    ventricle;   f.™ 

(am)  1 
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A  renal  portal  system  is  absent  in  Cyclostomes  and  certain 
Elasmobranchs,  and  is  inconstant  and  very  variable  amongst 
Teleostomes :  in  many  instances  the  caudal  vein  communicates 
directly  with  one  or  with  both  posterior  cardinals,  and  in  the  former 
case  the  other  cardinal  shows  a  tendency  to  become  reduced  in  size  : 
a  similar  reduction  occurs  in  many  of  the  forms  described  below. 

The  chief  point  of  interest  as  regards  the  veins  of  Dipnoans 
(Fig.  328)  is  the  presence  of  a  large  unpaired  postcavcu  vein, 
derived  in  part  from  the  posterior  cardinal,  and  comparable  to 
that  of  the  Amphibia  and  Amniota.     A  renal  portal  system  is 

E resent,  and  the  blood  from  the  kidneys  is  collected  into  two  veins 
aving  the  relations  of  posterior  cardinals.  Only  the  left  of  these, 
however,  opens  anteriorly  into  the  corresponding  precaval,  the 
right,  which  is  much  the  larger  of  the  two,  passing  along  the 
dorsal  border  of  the  liver  to  open  independently  into  the  sinus 
venosus  in  the  middle  line.  The  renal  portion  of  this  vein  is 
evidently  homologous  with  the  corresponding  part  of  the  posterior 
cardinal,  the  anterior  portion  of  which  can  no  longer  be  recognised. 
Thus  the  postcaval  is  made  up  of  a  posterior  or  renal  portion,  and 
of  an  independently  developed  anterior  or  hepatic  portion. 

In  Ceratodus  the  posterior  cardinal  and  postcaval  are  directly 
continuous  with  the  caudal  vein,  and  the  renal  portal,  receiving 
branches  from  the  posterior  end  of  the  body,  arises  from  the  iliac 
vein,  which  also  gives  off  a  pelvic  branch.  The  latter  unites  with 
its  fellow  in  the  middle  line  to  form  a  median  abdominal  vdn,  coxn- 
pai-ablo  to  that  of  the  Amphibia  (cf.  Fig.  329)  and  opening  into 
the  sinus  venosus.  Afferent  renal  veins  also  enter  the  postcaval 
and  cardinal,  the  corresponding  efferent  vessels  opening  into  the 
left  cardinal  and  caudal  veins;  the  renal  portal  system  is  thus 
more  complicated  than  in  other  Dipnoans.  The  two  pulmonary 
veins  unite  into  a  single  trunk  before  opening  into  the  left 
atrium. 

Amphibians. — A  large  postcaval  vein  arises  in  essentially  the 
same  manner  as  in  the  Dipnoi,  its  renal  section  being  formed  by 
the  fusion  of  the  two  posterior  cardinals  in  this  region.  The 
hepatic  portion  apparently  arises  in  j)art  from  the  right  omphalo- 
mesenteric vein,  and  in  pai-t  independently,  while  the  hepatic 
portal  vein  is  developed  from  the  left  omphalo-mesenteric.  The 
postcaval  receives  blood  from  the  kidneys  and  generative  organs, 
as  well  as  indirectly  from  the  posterior  extremities,  body-walls,  and 
tail  (when  j)resent).  The  anterior  part  of  both  posterior  cardinals 
persists  in  Urodeles  and  in  Bombinator  as  the  paired  azygos  vein, 
and  this  may  exceptionally  be  present  on  one  or  both  sides  in 
other  An urans.    It  communicates  with  the  corresponding  precaval 

A  renal  portal  system  is  present,  and  is  formed,  as  in  Fishes, 
by  the  bifurcation  of  the  caudal  vein,  which  is  wanting  in  adult 
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Anura ;  into  the  renal  portal  open  the  veins  from  the  hind-limb, 
and  vessels  from  the  body-wall  often  also  communicate  with  it. 
The  blood  from  the  kidneys  passes  into  the  postcaval.  Connectincf 
the  right  and  left  renal  portals  (or  femorals)  is  a  transverse  pelvic 
veiny  from  which,  in  the  medio-ventral  line  of  the  body,  an  abdominal 
or  epigastric  vein  arises,  as  in  Ceratodus :  this  is  primitively  paired, 
and  its  paired  condition  may  even  be  retained  in  the  adult 
posteriorly  (cf.  Fig.  322) ;  it  corresponds  genetically  to  the  lateral 
veins  of  Elasmobranchs.  This  vein  extends  forwards  in  the  ventral 
body-wall  into  the  liver,  in  which  it  breaks  up  into  capillaries, 
becoming  secondarily  connected  by  anastomosis  with  the  hepatic 
portal  vein.  The  abdominal  vein  receives  blood  from  the  cloaca, 
bladder,  and  body-walls.  In  Urodeles  remains  of  the  subintestinal 
vein  also  open  into  the  hepatic  portal  system. 

The  arrangement  of  the  anterior  cardinals  (external  and  in- 
ternal jugulars)  is  essentially  similar  to  that  seen  in  Fishes. 

The  venous  blood  from  the  integinnent  of  the  body  and 
frequently  that  of  the  tail  also,  passes  into  a  great  cutanemts  or 
mmcuIo-ciUaneaus  vein,  which  extends  forwards  along  the  longi- 
tudinal muscles  of  the  trunk,  and  then  makes  a  wide  curve 
towards  the  fore-limb,  where  it  unites  with  the  subclavian  vein 
(Figs.  322  and  329).  Shortly  before  opening  into  the  sinus  venosus 
the  combined  trunk  recei\es  a  small  vein  from  the  laryngeal 
mucous  membrane. 

Amniota. — The  section  of  the  right  posterior  cardinal  vein  in 
the  region  of  the  embryonic  kidney  (mesonephros)  gives  rise  to  the 
hinder  part  of  the  postcaval :  the  hepatic  section  of  the  latter  arises 
as  in  Amphibia.  In  the  Sauropsida  the  anterior  portions  of  both 
posterior  cardinals  disappear  to  a  greater  or  less  extent,  and  are 
replaced  by  vertebral  veinSy  while  in  Mammals  they  may  persist 
and  may  form  part  of  the  azygos  veins.  An  anastomosis  ^is 
formed  between  these  latter,  and  eventually  the  anterior  part  of 
the  left  disappears  more  or  less  completely,  the  blood  from  both 
sides  passing  into  the  right  azygos  (hemiazygos),  which  opens  into 
the  right  precaval  (Figs.  330  and  331).  As  the  azygos  and  post- 
caval both  receive  part  d!'  their  blood  fruiii  the  lumbar  and  pelvic 
regions,  the  fonuer  forms  an  important  communicating  channel 
between  the  latter  and  the  j)recaval. 

The  anterior  cardinal  gives  rise,  as  in  lower  Vertebrates,  to  the 
jugular,  which,  as  well  as  the  subclavian  and  vertebral  or  azygos, 
opens  into  the  pi-ecavals.  In  Reptiles,  Birds,  Monotremes,  and 
Marsupials,  as  well  as  in  many  Rodents,  Insectivores,  Bats,  and 
Ungulates,  both  precavals  persist  throughout  life ;  in  other 
Mammals  the  main  part  of  the  left  disappeai*s,  all  the  blood  from 
the  head  and  anterior  extremities  passing  into  the  right  precaval. 
The  coronary  veins  open  into  the  bavse  of  the  left  precaval  (coronary 
sinus,  Fig.  317). 
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A  renal  portiU  system  occurs  in  connection  with  the  embryonic 
kidney  in  all  Sauropsida,  and  traces  of  it  can  also  be  recognised  in 
Mammalian  embryos,  being  particularly  well  seen  in  those  of 
Echidna.  In  adult  Reptiles  and  Birds  other  connections  of  the 
vessels  are  set  up,  so  that  only  indications  of  the  renal  portal 
system  are  usually  retained,  and  in  Mammals  are  entirely  wanting. 

As  in  Fishes,  the  first  veins  to  appear  in  the  embryo  are  the 
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Fl«.    330.— DlAfJRAM   SHOWING    THK    RkLATIONS    OF    THE     P0!5TEKI0R  CARDINAL 

AND    Postcaval   Veins    in    A,    the   Rabbit,    and    B,    Man.      (After 
Hoclistetter. ) 

r.c.i,  postcaval;  V.c.p.df  V.cp.n^  right  and  left  posterior  cardinals; 
V.il.iiU.comm^  common  internal  iliac  vein;  V.U.tt.Cf  common  iliac  vein; 
K././,  lumbar  vein  ;   V.r.d,  V.r.tif  renal  veins. 


vitelline  or  omphalo-mesenteric  veins  (Fig.  331,  a),  bringing  back 
the  blood  from  the  yolk-sac,  and  uniting  into  a  single  trunk  before 
opening  into  the  sinus  venosus.  As  the  liver  becomes  developed 
it  surrounds  this  trunk,  which  sends  advehent  branches  into  it, 
revehent  branches  returning  the  blood  into  the  anterior  section 
and  eventually  giving  rise  to  a  right  and  a  left  hepatic  vein. 
Thus  a  portal  circulation  arises,  and  the  main  trunk  of  the  vein, 
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:,  (lygon  :  W,  iwatiovul  j  />J,  iliiclua  vunoaus;  DC, /JV,  pnutvtin  ; 
Jl.iluM  vein  I  /,,  livur  ;  ifr'.  uiesentwK'  vi-iii.  wbith  laWsr  glvws  rise  to  the 
lieiMticporul  ( V.pori),  rccoiving  blood  frimi  tli»  nlimpnMry  <Muuit  (.Vu,  A)  ; 
.V,  kidney  :  Om,  Om'.  Oin<,  tlte  tlircc  ao^Iions  at  tho  \'itcllitie  or  omnhalo- 
iiif«anti<ric  vein  (the  firsl  still  bIiowb  its  oilgirwlly  pAitwl  niwture  at  rt  :  in 
sMgo  il,  the  scuuiid  aection  ol  thi«  vuin  wliii^li  pHiiioH  tlitviuttb  Ihe  liver, 
■liuBptiearB,  nothttOm  ami  Ont'arv  only  ™nnoi;le(l  by  c»pill»ri«i:  ineltmC, 
th«  hrst  Mctiiin  {Om\  hiu  (iuit«  diMppMred,  anii  the  umbilical  vein  ((JinA) 
ha*  bocoine  developed ;  Sv,  tinus  vennHUs ;  I'ad.  adveiiBnt  vein* :  Vr,  rcvebeoi 
veini  i  *,  conneotioii  of  Ihe  umbilical  veia  y/'ah,  ihd  capiUariea  of  tiis  |iu 
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where  it  passes  through  the  liver,  gradually  disappears.  In  the 
meantime,  the  coeliac  and  mesenteric  veins  have  appeared, 
and  all  the  blood  from  them,  as  well  as  from  the  vitelline  veins, 
now  passes  through  a  common  trunk,  the  hepatic  portal  vein,  into 
the  capillaries  of  the  liver,  whence  it  reaches  the  sinus  venosus 
through  the  hepatic  veins.  The  portions  of  the  vitelline  veins 
posterior  to  the  liver  also  gradually  disappear  as  the  yolknsac 
becomes  reduced. 

In  addition  to  these  vessels,  the  umbilical  vein  must  also  be 
mentioned.  This  vessel  also  is  originally  paired,  and  corresponds 
phylogenetically  to  the  lateral  veins  of  Elasmobranchs  and  to  the 
abdominal  or  epigastric  vein  of  Ceratodus  and  Amphibians.  It 
is  situated  originally  in  the  body-walls,  and  comes  into  relation 
with  the  allantois  (p.  9),  opening  primarily  into  the  sinus 
venosus  and  eventually  into  the  postcaval :  as  the  allantois 
incrcivses  in  size  it  brings  back  the  oxygenated  blood  from  this 
organ  (i.e.,  from  the  placenta  in  the  higher  Mammalia)  to  the 
embryo.  The  right  umbilical  vein,  however,  is  early  obliterated, 
and  the  left  comes  into  connection  with  the  capillaries  of  the 
liver,  its  main  stem  in  this  region  disappearing  (Fig.  331,  b)  ; 
thus  the  blood  from  the  allantois  has  to  pass  through  the  capil- 
laries of  the  liver  before  reaching  the  heart.  In  the  course  of 
development,  however,  a  direct  communication  is  formed  between 
the  left  umbilical  vein  and  the  revehent  branches  of  the  fused 
vitelline  veins,  and  this  trunk  is  known  as  the  dnct'us  venosus 
(Fig.  331,  c) :  the  point  at  which  it  opens  corresponds  to  that  from 
which  the  postcaval  has  in  the  meantime  arisen,  the  hepatic  veins 
now  appearing  as  factors  of  the  latter.  On  the  cessation  of  the 
allantoic  (or  placental)  circulation,  the  ductus  venosus  becomes 
degenerated  into  a  fibrous  cord,  so  that  all  the  portal  blood  has  to 
pass  through  the  capillaries  of  the  liver. 

The  intra-abdominal  portion  of  the  umbilical  vein  persists 
throughout  life  as  the  epigastric  vein  in  Reptiles  and  in  Echidna, 
but  disiippears  in  Birds  and  in  other  Mammals.^ 


Retia  Mirabilia. 

By  this  term  is  understood  the  sudden  breaking-up  of  an  arte- 
rial or  venous  vessel  into  a  cluster  of  fine  branches,  which,  by 
anastomosing  with  one  another,  give  rise  to  a  capillary  network  ; 
the  elements  of  this  network  may  again  unite  to  form  a  single 
vessel.  The  former  condition  may  be  described  as  a  unipolar^  the 
latter  as  a  bipolar  rete  mirabile.     If  it  is  made  up  of  arteries  or  of 

^  The  mode  of  development  of  the  veina  of  the  extremities  in  essentially 
similar  in  all  the  Amniota,  and  at  first  resembles  that  occurring  in  Urodela, 
though  later  on  considerable  diflferenoes  are  seen,  more  especially  as  regards  the 
veins  of  the  digits. 
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veins  only,  it  is  called  a  rete  mirabile  simplex ;  if  of  a  combination 
of  both  kinds  of  vessels,  it  is  known  as  a  rete  mirabile  duplex. 

The  retia  mirabilia  serve  to  retard  the  flow  of  blood,  and  thus 
cause  a  change  in  the  conditions  of  difliision.  They  are  extremely 
numerous  throughout  the  Vertebrate  series,  and  are  found  in  the 
most  varied  regions  of  the  body,  as,  for  instance,  in  the  kidnej^ 
(glomeruli) — where  their  above-mentioned  function  is  most  clearly 
seen ;  on  the  ophthalmic  branches  of  the  internal  carotid  ;  on  the 
pseudobranchs  and  on  the  vessels  of  the  swim-bladder  in  Fishes  ;  on 
the  portal  vein ;  and  along  the  caudal  portion  of  the  vertebral 
column  in  Lizards.  In  Mammals,  they  are  best  developed  in 
Edentates,  but  occur  also  in  Cetacea,  Pinnipedia,  Rodents, 
Marsupials,  Lemurs,  &c. 


Lymphatic  System. 

The  lymphatic  system  consists  of  branched  lymph-vessels, 
situated  in  the  connective  tissue  of  various  parts  of  the  body,  and 
of  lymph'Sinuses :  it  serves  to  collect  the  blood-plasma  which  has 
passed  through  the  walls  of  the  capillaries  and  to  pass  it  into  the 
veins.     The  lymph,  as  already  mentioned,  contains  leucocytes. 

It  is  probable  that  in  all  Craniates  the  IjTnphatic  system  is 
primarily  paired  and  symmetrical :  the  first  trunks  which  appear 
in  the  embryo  have  apparently  a  similar  course  to  that  of  the  main 
veins.  Thus  paired  vessels  {cepJialic  ducts)  extend  backwards  from 
the  head,  and  others  {tJt<y>*acw  ducts)  forwards  along  the  trunk  in 
similar  positions  to  the  anterior  and  posterior  cardinal  veins 
respectively.  On  either  side  the  cephalic  and  thoracic  ducts  unite 
and  open  into  a  vein  in  the  region  of  the  precaval.  In  the  course 
of  development,  however,  anastomoses  are  formed  between  the 
trunk  of  either  side  :  thus  portions  of  the  main  trunks  may 
become  of  minor  importance  and  undergo  reduction,  so  that 
asymmetry  results,  as  is  sometimes  also  the  case  in  the  venous 
system.  Lymph-vessels  are  usually  abundant  in  various  parts 
(e,g,  under  the  skin,  on  the  alimentary  canal)  and  may  form 
complicated  networks. 

In  Fishes,  the  lymph-vessels  are  in  many  respects  not  so 
plainly  differentiated  from  the  venous  system  as  in  higher  forms  ; 
a  lymph-sinus  connected  with  a  vein  occurs  on  either  side  in  the 
scapular  region,  and  into  it  lymphatic  tnmks  from  the  head  and 
body  open.^  A  large  vessel  extends  along  the  spinal  canal,  and 
a  subvertebral  lymph-sinus  surrounds  the  aorta  and  communicates 
with  othei-s  in  the  mesentery  which  receive  the  ves.sels  from  the 
abdominal  viscera.  Lymphatics  are  also  present  on  the  walls  of 
the  heart  and  great  blood-vessels,  forming  perivascular  sheaths. 

*  The  lacunar  spaces  in  Cyclostonies,  generaUy  rcgarrleil  as  1>elonging  to  the 
lymphatic  system,  have  been  found  to  contain  blood. 
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In  Urodeles,  the  single  thoracic  duct  bifurcates  near  the  heart, 
thus  indicating  its  primarily  jwiired  character ;  it  receives  lymph- 
vessels  from  the  head,  and  each  branch  opens  into  the  corres- 
pondhig  subclavian  vein.  The  arrangement  of  the  lymphatics  in 
Urodeles,  and  still  more  in  Anurans,  becomes  considerably 
modified  owing  to  the  presence  of  lymph-hearts  and  of  large 
sinuses  under  the  skin  which  communicate  with  those  of  the 
peritoneal  cavity  ie,g,  subvertebral,  perioesophageal)  :  the  cephalic 
and  thoracic  ducts  disappear,  and  the  only  trunks  which  remain 
are  those  connecting  the  lymph-hearts  with  the  sinuses.  Valves 
occur  in  the  lymphatics  where  they  communicate  with  the  lymph- 
hearts,  sinuses,  and  veins. 

In  Reptiles  there  are  two  cephalic  ducts  which  open  into  the 
subclavian  vein  along  with  the  thoracic  duct,  which  is  either 
paired  (Snakes,  Chelonians,  Crocodiles),  or  single,  bifurcating 
anteriorly. 

Lymphatic  vessels  are  less  developed  in  Birds  than  in 
Manmials :  two  thoracic  ducts  arise  in  the  region  between  the 
thyroid  gland  and  cceliac  artery,  having  close  relations  to  the 
aorta  and  precavals,  with  the  latter  of  which  they  communicate  at 
various  points:  their  connection  with  the  longitudinal  channels 
along  the  posterior  part  of  the  aorta  takes  place  later  (Fig.  332). 
As  in  Reptiles,  valves  are  not  abundant,  and  occur  in  only  a  few 
of  the  vessels. 

In  Mammals  both  thoracic  ducts  may  persist,  or  that  of  one  side 
may  disappear.  Thus  in  Man  the  duct  is  unpaired  and  usually 
arises  from  a  sinus  (cideima  or  receptacuhim  chyli)  in  the  lumbar 
region :  it  receives  the  lymphatics  from  the  legs  and  pelvic  organs 
as  well  as  those  from  the  intestine  (lacteaU)  and  opens  anteriorly 
into  the  left  brachiocephalic  vein,  with  which  also  communicate 
lymph-vessels  from  the  head,  neck,  and  right  side  of  the  thorax. 
The  lymphatics,  like  the  veins,  are  provided  with  numerous  valves 
in  Mammals. 

Rhythmiciilly  contractile  lymph-hearts  (of  which  little  is  known 
in  Fishes  except  that  two  are  present,  e,g.,  in  the  caudal  region  in 
Silurus  and  one  in  the  Eel),  occur  in  Amphibians,  Reptiles,  and 
embryos  of  Birds  (Fig.  332):  they  are  surrounded  by  striped  muscle. 
In  Urodeles  there  are  as  many  as  14-20  on  either  side  of  the  trunk 
and  tail  under  the  skin  at  the  junction  of  the  dorsal  and  ventral 
trunk-muscles,^  while  in  Anura  the  number  is  reduced  to  two 
pairs  with  numerous  valves,  the  anterior  of  which  is  situated 
Detween  the  transverse  processes  of  the  third  and  fourth  vertebrae 
and  the  posterior  between  the  urostyle  and  pelvis.  In  Reptiles 
posterior  lymph-hearts  only  are  present,  situated  at  the  junction 
of  trunk  and  tail  on  the  transverse  processes  or  ribs.  In  Bird 
embryos  they  occur  at  the  boundary  between  the  sacral  and  coccy- 

*  In  the  walls  of  thetnm<M»  MtflrloPM^*^---*fllMiA]ymp]i-sinii8  ia  included, 
which  has  been  described  as  tlM  *'efer  * 

P  F 


COMPARATIVE  ANATOMY 


Fid.    332.— DiAORAM 

AND   CaV 

L.  Sala.) 


18  shaded,  the  lymphaticBblack,  and  the  lymph' 


geal    vcrtebrse  partly   covered  by  the  eoccygeus  dorsalis  muscle : 
they  cotnmuDicatG  with  the  coccygeal  and  pelvic  veina. 
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Aggregations  of  leucocytes  giving  rise  to  follicles  are  present 
in  the  lymphoid  or  cuUnoid  tissue  which  occurs  beneath  the 
mucous  membrane  in  various  parts  of  the  body  (e.g.  tonsils,  ali- 
mentary canal,  bronchi,  conjunctiva,  urinogenital  organs):  these  cells, 
owing  to  their  power  of  amoeboid  movement,  have  a  tendency  to 
wander  through  the  mucous  membrane  to  the  surface,  and  thus 
doubtless  to  remove  useless  and  harmful  material  (e.g.  broken  down 
particles,  inflammatory  products.  Bacteria):  in  some  cases  such 
leucocytes  (phagocytes),  instead  of  passing  out  from  the  surface, 
possibly  serve  to  carry  material  from  one  part  of  the  body  to 
another. 

Lymphoid  tissue  is  very  abundant  in  the  body-cavity  of  Fishes 
and  Amphibians :  it  occurs  in  the  alimentary  canal  and  round  the 
blood-vessels,  but  is  especially  abundant  in  the  neighbourhood  of  the 
urinogenital  organs.  To  the  same  category  belong  the  so-called  "  fat- 
bodies  "  (corpora  adiposa)  of  Amphibia  and  Reptilia,  as  well  as  the 
mass  of  lymphoid  tissue  on  the  heart  of  the  Sturgeon  and  possibly 
also  the  "  hibernating  glands'*  of  certain  Rodents  and  Insectivores. 

The  agglomeration  of  a  number  of  lymphoid  follicles  gives  rise 
to  those  structures  which  are  kno\vn  as  "  lymphatic  glands  "  and 
as  *'  hmmolymph  "or  "  blood-glands"  which,  in  spite  of  certain  charac- 
teristic differences,  have  much  in  common  as  regards  the  structure 
of  their  enclosing  capsules  and  of  the  network  of  connective  tissue- 
trabecula)  extending  through  them,  and  various  intermediate 
forms  occur.^  The  spleen  belongs  to  the  same  category  as  these, 
and  is  in  a  sense  intermediate  in  structure  between  the  more  pri- 
mitive ha^molymph  gland  and  the  more  highly  differentiated 
lymphatic  gland,  the  three  fonning  an  almost  continuous  series. 
In  the  last-mentioned  the  lymph,  and  in  the  two  former  the  blood, 
passes  into  a  non-tubular  network,  where  it  becomes  filtered  ;  the 
worn-out  red  corpuscles  are  thus  retained  and  become  taken  up 
and  digested  by  the  lining  epithelial  cells  and  the  leucocytes  in 
the  process  of  phagocytosis.  All  three  of  these  organs,  moreover, 
like  the  bone-marrow,  have  the  common  function  of  giving  rise  to 
new  lymph-corpuscles.  The  spleen,  which  is  present  in  all  or 
almost  all  Vertebrates  (?Cyclostomes),  arises  in  the  region  of  the 
mesentery,  and  has  usually  close  topographical  relations  to  the 
pancreas:  it  corresponds  to  a  specially  differentiated  portion 
of  a  tract  of  lymphoid  tissue  primarily  extending  all  along  the 
alimentary  canal,  and  in  Protopterus  still  remains  enclosed 
within  the  walls  of  the  stomach  (Fig.  247).  In  most  other  Verte- 
brates it  is  situated  outside  the  walls  of  the  canal,  but  even  then 
may  extend  along  the  greater  part  of  tho  latter  (e.g.  Siren). 
In  some  cases,  however,  either  the  proximal  or  the  distal  portion 
of  it    undergoes    reduction,  or    only  the    middle    part    persists 

^  Lymphatic  glands  are  most  numerous  in  Mammals,  and  occur  along  the 
lymph-trunks  ;  hn>malymph  glands  have  been  found  in  numerous  Mammals  and  in 
certain  Birds  and  Fishes. 
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(Hattcria) :  thus  it  is  often  situated  near  the  stomach,  but  may 
be  met  with  in  other  regions  of  the  intestinal  tract,  as,  for 
instance,  at  the  commencement  of  the  rectum  (Anura,  Chelonia). 
In  some  cases  {e,g.  Sharks)  it  is  broken  up  into  several  portions, 
and  frequently  a  larger "  main  spleen  and  several  smaller 
"  accessory  spleens  "  can  be  recognised. 

The  structures  known  as  tonsils  are  most  highly  developed  in 
Mammals,  in  which  they  give  rise  to  a  paired  organ  lying  on  either 
side  of  the  fauces — that  is,  in  the  region  where  the  mouth  passes 
into  the  pharynx,  and  usually  also  to  a  mass  situated  more 
posteriorly  on  the  walls  of  the  pharynx  itself  (pharyngeal  tonsils)  ; 
the  latter  are  phyloc^enetically  the  older  organs  and  are  present  in 
Reptiles,  Birds,  and  most  Mammals,  and  tonsil-like  organs  also 
occur  in  Amphibians  on  the  roof  and  floor  of  the  oral  cavity. 
The  tonsils  consist  of  a  retiform  (adenoid)  connective  tissue 
ground-substance  enclosing  a  number  of  lymph-corpuscles,  which 
are  arranged  in  so-called  follicles. 


MODIFICATIONS   FOR  THE  INTRA-UTERINE  NXJTRI- 
TION   OF  THE   EMBRYO :    FGETaL  MEMBRANES. 

I.    Anamnia. 

In  several  Elasmobranchs  the  oviduct  gives  rise  to  glandular 
villi  which  secrete  a  nutritive  fluid,  and  in  an  Indian  Ray  (Ptero- 
platea  micrura)  there  are  specially  long  glandular  villiform  pro- 
cesses which  extend  in  branches  through  the  spiracles  into  the 
pharynx  of  the  embryos,  of  which  there  may  be  as  many  as 
three  in  each  oviduct.  In  certain  viviparous  Sharks  (viz.,  Mustelus 
lajvis  and  Carcharias)  the  walls  of  the  vascular  yolk-sac  become 
raised  into  folds  or  villi,  which  fit  into  corresponding  depressions  in 
the  walls  of  the  oviduct,  the  latter  becoming  very  vascular.  A 
kind  of  umlnlical  placenta  is  thus  formed,  by  means  of  which  an 
interchange  of  nutritive,  respiratory,  and  excretory  matters  can 
take  place  between  the  maternal  and  foetal  blood-vessels. 

Amongst  viviparous  Teleosts  various  arrangements  for 
the  nutrition  of  the  embryo,  occur.  In  Zoarces  viviparus  and 
in  the  Embiotocideae  the  embryos  are  retained  in  the  hollow  ovaiy, 
the  empty  follicles  (corpora  lutea)  of  which  give  rise  to  extremely 
vascular  villi,  from  which  a  serous  fluid  containing  blood-  and  lymph- 
cells  is  extruded  into  the  cavity  of  the  ovary  and  thus  surrounds 
the  masses  of  embryos :  these  swallow  the  fluid  and  digest 
the  contained  cells.  In  other  forms  {e.g.  viviparous  Blennies  and 
Cyprinodonts),  the  embryos  undergo  development  within  the 
vascular  ovarian  follicles,  and  are  probably  nourished  by  diffusion  ; 
in  Anableps,  villi  are  developed  from  the  yolk-sac,  and  these 
doubtless  absorb  the  nutritive  fluid  from  the  walls  of  the  ovary. 
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In  certain  AmphibianB  which  have  no  free  larval  existence, 
interesting  modifications  occur  for  nourishing  the  young  until  the 
larval  stage  is  passed.  Thus  in  the  Alpine  Salamander  (Salaman- 
dra  atra),  a  large  number  of  ova  (40 — 60)  pass  into  each  oviduct, 
just  as  in  the  allied  S.  maculosa,  in  which  the  young  are  born  as 
gilled  larvae.  Were  this  the  case  in  S.  atra,  the  young  would  be 
carried  away  in  the  mountain  streams  and  destroyed,  and  a 
curious  adaptive  modification  has  arisen  in  this  form,  in  which 
only  one  embryo  (that  nearest  the  cloaca)  in  each  oviduct 
undergoes  complete  development,  remaining  within  the  body  of 
the  parent  until  the  gills  are  lost  and  complete  metamorphosis 
has  taken  place.  The  other  eggs  break  down  and  form  a  food- 
nuiss  for  the  survivors  after  their  own  yolk  is  used  up.  Degenerative 
changes,  moreover,  take  place  in  the  epithelium  of  the  oviduct, 
and  masses  of  red  blood-corpuscles  pass  into  the  lumen  of  the 
latter,  undergo  degeneration,  and  become  mixed  with  the 
broken-down  yolk-masses,  the  resulting  broth  being  swallowed  by 
the  surviving  young.  The  long,  feather-like  external  gills  are 
closely  applied  to  the  uterine  mucous  membrane,  and  so  effect  an 
interchange  of  gases  in  respiration.  After  the  young  is  born,  the 
uterine  epithelium  becomes  regenerated,  and  thus  a  process  occurs 
which  somewhat  resembles  that  of  the  formation  of  a  decidua  in 
placental  Mammals. 

II.     Amniota. 

In  all  the  Amniota,  as  already  mentioned  (p.  9),  foetal  mem- 
branes, known  as  the  amnion  and  allantois  are  developed,  and  the 
latter,  or  primary  urinary  bladder,  represented  only  m  rudiment 
in  the  Amphibia,  is  of  ^eat  importance  in  connection  with  respira- 
tion, excretion,  and  (in  the  higher  Mammals)  nutrition  in  the 
embryo. 

A  glance  at  Fig.  8  will  show  that  owing  to  its  mode  of 
development,  the  amnion^  consists  primarily  of  two  layers;  an 
inner,  the  amnion  proper,  and  an  outer  or  false  amnion.  The 
latter  comes  to  lie  close  to  the  vitelline  membrane,  and  forms  the 
so-called  serosa,  or  serous  meinbrane.  As  the  allantois  grows,  it 
extends  into  the  space  continuous  with  the  coelome  between  the 
true  and  false  amnion,  and  may  entirely  surround  the  embryo. 

Amongst  Reptiles,  the  eggs  of  the  viviparous  Lizard,  Seps  chal- 
cides,  are  relatively  poor  in  yolk,  and  this  is  compensated  for  by 
the  yolk-sac  and  allantois  coming  into  close  relation  with  the 
walls  of  the  oviduct,  thus  forming  an  umbilical  and  an  allantoic 
placenta,  one  at  each  pole  of  the  embryo ;  the  latter  of  these  is 
the   more   important.     Both   foetal   and   maternal   parts   of   the 

^  As  the  head  enlarges  and  sinks  downwards,  it  is  at  first  surrounded  by  a 
inodifioation  of  the  head  fold  (p.  9)  consisting  entirely  of  ectoderm  and  called  the 
proamnion  :  this  is  afterwards  replaced  by  the  true  amnion. 
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placenta  become  extremely  vascular,  and  thus  the  necessaiy  inter- 
change of  materials  can  take  place  between  the  blood  of  the  em- 
bryo and  mother.  In  Trachyaosaurus  and  Cyclodus,  as  well  as  in 
the  Chelonia,  a  kind  of  umbilical  placenta  is  apparently  also 
formed. 

The  fact  that  a  vascular  yolk-sac  (often  known  as  the  umbilieal 
vesicle)  is  present  in  all  MammalB^  indicates  that  they  are  de- 
scended from  forms  in  which,  as  in  the  Sauropsida,  the  e^gs  were 
rich  in  yolk,  and  which  were  viviparous.  This  condition  is  more- 
over retained  in  the  Monotremes,  and  even  in  Marsupials  the 
ova  are  relatively  large  as  compared  with  those  of  the  hig^her 
Mammalia. 

As  the  amount  of  yolk  was  gradually  reduced  in  the  course 
of  phylogenetic  development,  close  relations  were  set  up  between 
the  foetal  (allantoic)  and  maternal  blood-vessels,  the  allantois 
becoming  closely  applied  to  the  serosa  to  form  a  chorion  (Fig. 
333);  but  that  this  condition  was  only  very  slowly  evolved  is 
shown  by  the  fact  that,  even  at  the  present  day.  Mammals  exist  in 
which  it  has  not  been  reached.  These  (viz.,  Monotremes  and  most 
Marsupials)  are  therefore  known  as  Aplacentalia  or  Achotna,  in 
contradistinction  to  the  higher  Flacentalia  or  Choriata.  Moreover, 
in  the  Rodentia,  Insectivora,  Cheiroptera,  Camivora,  and  Ungulata 
more  or  less  distinct  indications  of  an  umbilical  placenta,  formed 
in  connection  with  the  yolk-sac,  can  still  be  observed,  and  at  a 
still  earlier  stage  the  ova  are  nourished  by  the  uterine  lymph. 

In  Monotremes  and  Marsupials,  both  the  yolk-sac  and  allantois 
take  part  in  respiration;  in  the  former  the  two  are  of  equal 
importance,  while  amongst  the  latter  the  yolk-sac  is  solely  (e.y. 
Dasyurus)  or  mainly  (e.g,  Phalcolarctos)  important  in  this  respect. 
In  Peramcles  obesula  a  further  approach  towards  the  formation  of 
a  true  allantoic  placenta  is  seen,  the  allantois  giving  rise  to  small 
vascular  villi.  In  most  Marsupials  the  allantois  serves  merely  as 
a  urinary  reservoir,  and  in  none  of  them  does  it  possess  any 
important  function  as  an  organ  of  nutrition,  the  young  being  bom 
at  a  relatively  early  stage,  when  they  become  attached  to  the 
teats  of  the  mother^  and  are  then  nourished  by  means  of  milk 
(cf.  p.  375) :  the  form  of  the  mouth  and  also  that  of  the  teats  is 
especially  adapted  to  this  end. 

In  the  higher  Mammals,  the  umbilical  placenta  has  usually 
only  a  very  temporary  importance,  though  in  some  cases  {e.g. 
Rodents)  it  probably  takes  some  part  in  respiration  and  nutrition 
during  the  whole  uterine  life.  The  allantois  extends  out  from  the 
body  of  the  embryo  and  becomes  attached  to  the  serous  membrane 
to  form  the  chorion,  from  which  numerous  villi  extend  into  the 
uterine  wall  (Fig.  333).  As  both  the  latter  and  the  allantois  become 
extremely  vascular,  the  uterine  and  allantoic  capillaries  and 
sinuses  coming  into  close  contact  with  one  another,  a  complicated 
allantoic  placenta  arises,  consisting  of  maternal  and  fcatal  parts 
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(Fig.  9).  Thus  the  embryo  is  supplied  by  diffusion  with  the 
necessities  for  existence  during  its  comparatively  iong  intm-uterine 
life. 

Various  forms  of  placenta  are  met  with  amongst  the  Pkcentalia. 
The  most  primitive  type  is  apparently  that  in  which  the  allantois 
becomes  attached  around  the  whole  serosa,  so  that  the  resulting 
chorion,  from  which  the  comparatively  simple  villi  arise,  are  equally 
distributed  over  the  whole  surface 
(Fig.  333).  This  form  is  known 
as  a  diffuse  placenta,  and  is  met 
with  in  Manis,  the  Suidse,  Hippo- 
potamus, Tylopoda,  Tragulidre, 
Perissodactyla,  and  Cctacea. 

The  nest  stage  is  characterised 
by  the  chorionic  villi  becoming 
more  richly  branched  so  as  to 
present  a  greater  superficial  ex- 
tent, and  at  the  same  time  con- 
centrated into  definite  and  more 
or  less  numerous  patches  or 
cotyledons.  Thus  a  polycotyledon- 
»rj,  placenta  arises,  .uch  m' is  met  ' M.S'^.'Ji m" r  "oS'l  SI" 
With  in  most  Ruminants,  some  of      mal.    (Vtom  ^ovm's  Zooioyy.) 

which,  such  as  Cervus  mexicanus     ,  „ii.„,„:„ ;„„ ,  i.  „„ii, 

J,,      -1-     „      ,  .    ,         ^.         at,  ftllwitoiB;  am,  amnion;  h,  yolk- 

and  the  (jirane,  show  an  intcrestmg  

intermediate  form  of  placenta  be- 
tween the  diffuse  and  the  cotyle- 
donary. 

The  chorionic  villi  in  these  two 
types     of    placenta,    even     when 

branched,  separate  from  the  uterine  mucous  membrane  at  birth, 
the  latter  not  becoming  torn  away;  they  are  therefore  spoken  of  as 
non-deciduate. 

A  further  complication  is  seen  in  the  forms  of  placenta  known 
as  zonnn/,  the  dome-  or  belt-shaped,  and  the  dUcvidal,  in  which  the 
connection  between  fcetal  and  maternal  parts  becomes  much  more 
close,  the  villi  giving  rise  to  a  complicated  system  of  branches 
within  the  uterine  mucous  membrane  (Fig.  334).  Thus  the  latter 
becomes  to  a  greater  or  less  extent  torn  away  at  birth,  forming  a 
decidaa,  the  placenta  being  therefore  spoken  of  as  lUciduale.  In 
these  cases,  the  placental  part  of  the  chorion  does  not  extend  all 
round  the  embryo.  In  the  zonary  placenta  only  the  two  opposite 
poles  of  the  chorion  are  more  or  less  free  from  vascular  villi,  and 
this  girdle-like  form  occurs  in  the  Camivora,  as  well  as  in  the 
Elephant,  Hyrax,  Orycteropus,  and  Halicore.  In  Lemurs  and 
Sloths,  the  placenta  is  dome-  or  bell-shaped,  while  in  Myrmeco- 
phaga,  DasypodidiB  (Armadilloes),  and  Primates  (Fig.  9)  it  forms 
a  discoidal  mass  on  the  dorsal  side  of  the  embryo.      In  Bodentia, 


sac  (umbilical  veBJcle) ;  the  outer- 
moat  line  representa  the  serous 
membrane.  The  on(«r  wall  of  the 
allantoia  has  unit«il  with  the  aorouB 
■nembranetoform  the  chorion  from 
which  villi  arise. 
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Insectivom,  and  Cheiroptera,  though  the  placenta  is  also  discoidal, 
it  has  probably  not  arisen,  like  that  jnat  mentioned  (metadiscoidal 
form)  fromadifTuse  type,  bnt  was  originally  restricted  to  a  discoidal 
area,  owing  to  the  umbilical  vesicle  occupying  a  large  surface  of  the 
chorion-^ 

From  the  above  description  it  is  evident  that  the  differences 
in  the  form  of  the  placenta  are  mainly  those  of  degree,  uid  that 


Cfh/ruinc/i<thel 


Via.    334.— DtAORAH  TO   illustratb    the    Relations   or  the   Foral  amd 

Maternal  Vbssism  in  the  Hdhak  Placenta,  Suowiho  Chokionic  and 

Matbknal    Vkshkls    (O^imm)  and    CAPnxAKiEa,   Villi    {ZoUtn),  akd 
Dbcidda.     {After  Keibel.) 

the  placenta  gives  little  indication  of  the  systematic  position  of  the 
animal  in  question. 

In  the  course  of  development  the  embryo  becomes  more  and 
more  folded  off  from  the  yolk-sac  (Fig.  8),  the  stalk  of  which 
and  that  of  the  allantois,  enveloped  by  the  base  of  the  amnion, 
together  form  the  nmhilical  cord.  At  birth,  the  fcetal  membranes 
are  shed,  the  iutra-abdoiniQal  portion  of  the  allantois  persisting  as 
a  cord,  the  urachiis. 

'  Tbo  hUtologic&l  8trui;ture  uF  the  plucenta  and  the  various  niodiGostioiu 
Been  in  the  inaternul  miioua  membrane  catiiiot  be  ileacribeil  hqre  ;  it  la,  how- 
ever, important  to  rememlwr  that  there  is  no  direct  conimunicatirra  between  the 
maternal  and  foetal  blood,  and  that  tlie  maternal  capillarieB  usually  enlarge 
to  form  sinuses,  the  walls  of  which  become  invAginat«d  by  tbe  villi ;  thus 
the  latter  are  covered  by  an  epithelium  fumiahed  by  tbo  maternal  tisanes  (Pig. 
334).      In  some  cases  {e.y.  Mole)  part  of  the  maternal  tissue  is  absorbed  in  tJie 


I.  URINOGENITAL  ORGANS. 

a.   GENERAL  PART. 

The  fii-st  traces  of  the  urinary  and  generative  organs  of  Verte- 
brates arise  from  the  mesoderm,  and  are  closely  connected  with  one 
another  genetically  as  well  as  morphologically  and  physiologically. 

I.   URINARY   ORGANS. 

As  a  rule,  the  development  of  the  urinary  organs  from  their 
first  rudiments  to  their  final  form  extends  through  a  relatively 
long  period,  and  the  higher  the  animal  in  question,  the  longer  this 
period  is.  Unlike  other  organs,  they  do  not  reach  their  permanent 
form  step  by  step,  without  a  break,  but  consist  of  a  series  of 
organs,  each  of  which  has  a  similar  function  (viz.,  that  of  filtration 
and  excretion)  and  corresponds  to  a  definite  ontogenetic  stage, 
after  which  it  is  replaced  functionally  by  another  organ  of  tne 
series,  and  may  then  in  part  take  on  physiological  relations  to 
the  generative  organs.  In  consequence  of  this  peculiarity,  these 
developmental  stages  of  the  excretory  organs  of  Vertebrates  can 
also  be  recognised  phylogenetically,  and  are  represented  by  the 
paired  organs  known  respectively  as  the  fore-kidney  or  head- 
kuhuy  (pronephros),  mid-kidney  {niesonephros),  and  hind-kidney 
(vietanephros). 

The  number  of  urinary  organs  constituting  the  series  corres- 
ponds in  general  to  the  position  of  the  animal  in  the  vertebrate 
scale.  Thus  so  far  as  is  known  at  present,  the  excretory  organs  of 
Amphioxus  and  apparently  of  Myxinoids  correspond  to  a  single 
set ;  in  all  the  true  Fishes  and  in  Amphibians,  there  is  a  provi- 
sional (pronephric)  and  a  permanent  (mesonephric)  organ,  while  in 
the  Amniota  both  pronephros  and  mesonephros  are  provisional 
and  become  replaced  functionally  by  a  third  organ,  the  metane- 
phros. 

All  these  organs  consist  essentially  of  epithelial  canals  or 
tubules  which  arise  from  or  close  to  that  part  of  the  mesoderm 
which  primarily  connects  the  segmented  somites  with  the  lateral 
plates  (cf.  p.  9)  and  is  therefore  often  known  as  the  nephrotome, 
to  distinguish  it  from  the  myotome  above  and  the  lateral  plates  of 


Flo.    33S.— bUHKAMS 

Prod  DOTS 
A  and  B,  transvei-Be 


beginning  to  become  separated  from  the  inidiUe  portions  of  the  meanlei' 
which  inuludes  the  nephrotomes,  A  being  in  tlie  pronephric,  and  B  in  tUe 
megonephrio  regions.  C,  the  same,  shortl;  after  thi«  Bepamtion  is  completed, 
ftnd  Z»,  later  Bt*ge,  in  which  the  myotomes  have  extended  dorsiilly  and  Ten- 
trail;  so  m  to  surround  the  body,  and  have  nearly  lost  their  oavities. 
,  aorta,  above  which  ietlie  Dotocliord,  and  above  this  again  the  medullarv  oord  ; 
li,  int«Htire  ;  M,  gonad  ;  Ih,  general  eiBloms  ;  mac,  portion  of  cielomu  conoect- 
ing  general  ctelome  with  its  portion  in  the  myotome  (myocnle,  mut)  ■  ni, 
n«phrotomo  or  mesoncphric  tubule ;  p.  pronephros ;  pg,  pronephrio  or 
seguientttl  duct ;  nld,  scIeroComc,  which  gives  rixe  to  the  skeletogenous  Injer 
from  which  Ihe  vertebral  column  arises ;  nt,  mesencbyme  of  the  lateral  plikt«a. 
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mesoderm  below,  the  coelome  primarily  extending  upwartU  through 
both  nc'phrotome  and  myotome  (cf.  Fig.  335). 

PronsphRM. 

As  a  rule,  the  rudiments  of  the  pronephros  can  be  recognised  in 

thu  anterior  segments  of  the  trunk,  and  its  glandular  canals, 
(jxlcnding  in  the  transverse  plane  of  the  body,  must  be  distin- 
guished from  the  primary  proTiephric  (archincpkiHc  or  segmental) 
dud  (Figs.  335-337),  which  passes  backwards  to  open  into 
or  close  behind  the  cloaca.  £^ch  canal  communicates  on  the  one 
hand  with  the  ccelomc  by  means  of  a  ciliated,  funnel-shaped 
aperture  or  tiepkrostome,  and  on  the  other  with  the  pi-onepnric 
duct.  A  projection  of  the  inner  wall  of  the  ccelome  arises  right 
and  left  of  the  mesentery,  projecting  towards  each  canal,  and  into 


Fill.  3.30.  —  DrAUKAH  Of  thk  Pronki'iii 


A  limurl  strip  i)f  the  ectoderm  nnd  the  ventre- lateral  portions  of  the  mesodenoio 
■egmenta  are  removed,  and  the  pronephric  duet  and  taliulss  are  seen  above 
thu  dorsal  side  of  the  cirlomio  wall  (transversely  lined). 

thi.s  branches  from  the  aorta  extend,  each  giving  rise  to  a  rete 
inirabile  consisting  of  a  coiled  tuft  of  capillaries  or  glomerulus,  by 
means  of  which  water  ia  filtered  out  from  the  blood ;  several 
glomeruli  may  unite  to  form  a  i/lomus  (Fig.  337).  In  many 
Vertebrates,  the  parietal  and  visceral  layers  of  the  peritoneum  in 
the  anterior  part  of  the  ccelome  unite  around  the  glomeruli 
and  nephrostomes  so  as  to  form  ccelomic  pronephric  chambers  or 
capsules  more  or  less  completely  shut  ofif  from  the  rest  of  the 
body-cavity  (Fig.  336). 

In  Myxinoios  the  glandnlar  pronephric  rudiment  extends  along 
almost  the  whole  length  of  ihe  oookniie,  bat  in  other  Vertebratea 
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(e.g.  Elasinobranchii  and  Amniota)  ib  ia  more  or  less  shortened 
and  consists  of  only  a  small  number  of  canals :  this  is  doubtless 
due  to  a  secondary  reduction,  which  also  affects  the  glomeruh'. 
The  anterior  part  of  the  pronephric  duct  is  formed  by   the 


fusion  of  the  distal  ends  of  the  pronephric  tubules:  the  middle 
and  posterior  parts  of  the  duct  arise  in  various  ways  in  different 
Vertebrates,  and  are  developed  from  before  backwards. 

It  is  very  probable  that  the  pronephros  at  one  time  extc 
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further  back — possibly  along  the  whole  length  of  the  trunk,  and 
then  became  reduced  owing  to  the  development  of  another  set  of 
urinary  tubules  constituting  the  Ttusonephros, 

Metonephros. 

The  me8onej)hro8  or  Wolffian  body  has  usually  a  much  greater 
extent  than  the  pronephros :  it  is  originally  strictly  segmental,  in 
correspondence  with  the  mode  of  development  of  the  mesodermic 
somites.  The  tubules  of  which  it  is  composed  correspond  with 
those  parts  of  the  mesoderm  described  above  as  the  nephrotomes  ^ 
(p.  441),  which  become  separated  from  the  somites  but  retain  their 
connection  with  the  general  body-cavitv,  into  which  each  of  them 
opens  by  a  ciliated  nephrostome,*  the  other  end  becoming  connected 
with  the  pronephric  duct,  which  thus  now  serves  as  a  mesonephric 
duct. 

The  tubules  then  increase  in  length,  each  becoming  coiled  into 
an  S-shape  and  differentiated  into  several  portions,  the  middle  one 
expanding  to  form  a  vesicle  (Bowman's  capsule),  into  which  a 
glomerulus  formed  on  a  branch  of  the  aorta  becomes  invaginated, 
the  whole  constituting  a  Malpighian  capsule  (Fig.  337).  It  will  be 
noticed  that  the  glomeruli  are  here  formed  in  a  different  manner 
to  those  of  the  pronephros,  which  arise  on  the  wall  of  the  general 
body-cavity. 

The  further  development  of  the  mesonephros  varies  greatly  in 
different  Vertebrates :  in  many  Fishes  it  serves  exclusively  as  a 
urinary  organ,  but  in  Plagiostomes  and  higher  forms  it  also 
takes  on  relations  to  the  generative  apparatus,  giving  rise  to  the 
rete  and  vam  efferentia  of  the  testis,  as  well  as  to  part  of  the 
epididymis  or  parorchis,  and,  in  Amniota,  to  other  more  or 
less  vestigial  organs  of  secondary  importance  {parovarium^  paro- 
sphoroUy  hydatid  of  Morgagni,  paradidymis,  cf.  Fig.  339).  Never- 
theless, it  may  still  serve  as  the  permanent  urinary  organ 
(Elasmobranchs,  Amphibians),  or  may  more  or  less  entirely  dis- 
appear as  such  (Amniota) ;  in  the  latter  case,  a  third  series  of 
tubules  is  formed,  giving  rise  to  a  nuianephros,  or  hind-kidney, 
with  which  is  connected  a  metanephric  duct  or  ureter? 

^  These,  as  already  mentioned,  are  primarily  hollow  ooelomic  canals,  bat  in 
Sauropsida  and  Mammalia  they  are  at  6r8t  solid  and  become  hollowed  secondarily. 

^  The  nephroetomes  may  be  wanting,  and  this  is  especially  the  case  in  the 
higher  types,  owing  to  the  early  separation  of  the  tubules  from  the  ccelome  as 
well  as  from  the  somites. 

'  The  fact  that  in  certain  Lizards  and  Mammals  larger  or  smaller  portions 
of  the  mesonephros  retain  their  urinary  fnnotion  for  a  time  in  poet-embryonic 
stages,  indicates  that  some  of  the  anoeatoti  of  the  Amniotft  retained  the  meso- 
nephros throughout  life  aa  a  fimotional  exorelory  otSHif  bafora  the  complete 
differentiation  of  the  metaneplirot.  On  tlw  dlier  band,  tlie  meaonephros  is  so 
much  reduced  in  the  emlnyot  of  oertftin  m— — **!•  («.« •  Moose)  tliat  it  cannot 
have  any  importance  aa  a  nxinanr  otmfL.  iStm  aiiaaJimj  fimotion  here  being 
probably  performed  by  means  of  tao  aw  thoee  of  the 

nmbilioal  <tord. 
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Hetanephros. 

All  the  tubules  of  the  mesonephros,  as  well  as  the  coiled 
portions  of  the  tubules  and  the  glomeruli  of  the  metanephros, 
arise  essentially  from  the  same  matrix  (the  "  nephrogenetic 
blastema  "),  the  latter  organ  becoming  later  differentiated  than  the 
former:  thestraight,  collecting  portions  of  the  metanephric  tubules, 
on  the  other  hand,  originate  as  outgrowths  from  the  mesonephric 
ducts,  as  do  also  the  meta- 
nephric ducts  (ureters),  and, 
in  Mammals,  the  pelvis  of  the 
kidney.  The  definitive  kidney 
of  the  Amniota  is  therefore  not 
a  new  organ,  but  corresponds 
y  "  to  a  we  11 -developed  and  special- 
ised posterior  portion  of  the 
mesonephros,  this  specialisa- 
tion having  come  about  owing 
to  a  still  nirther  separation  of 
that  part  of  the  kidney  duct 
which  retains  its  original  func- 
tion from  that  part  which  is 
taken  into  the  service  of  the 
generative  organs.  Nephro- 
stomes  are  wanting  in  the 
hind-kidney.  The  pOBberior 
end  of  the  ureter  loses  its 
connection  with  the  meso- 
nephric duct  and  opens  inde- 
pendently either  into  the 
cloaca  or  into  a  urinaiy  bladder 
(Figs.  338,  339,  and  357-364). 
Thus  it  will  be  seen  that 
the  distinction  between  the 
pronephros  and  mesonephros  is 
much  greater  than  that  between  the  latter  and  the  metanephros ; 
all  three  organs,  however,  are  derived  from  the  same  matrix,  and 
merely  represent  three  generations  of  the  same  ancestral  organ. 


Fio.  33K.— DiAORAu 
Genktic    Relatioss    bktwekm    thb 

MlSONEPBROa        AND        METAKEFHBOS. 

(Modified  from  Schreiner.) 

AO,  allantoic  duct;  D,  intestine ;  HK, 
urinary  tubules  ariaiog  in  the  nephro- 
genetic  blastema;  Kl,  clotLca ;  NO, 
metanepbric  duct ;  **,  outgrowths 
from  metanephric  duct ;  i\,  outgrowths 
from  mesonepbric  duct  {UQ). 


The  Male  and  Female  Genital  Ducts. 

In  certain  lower  Vertebrates  (Elasmobranchs)  a  second  duct, 
known  as  the  Miillerian  duct,  becomes  differentiated  from  the 
primary  mesonephric  duct,  and  takes  on  an  imnn»*"nt  xelatifHl  to 
the  female  generative  organs,  serving  as  an  wveying 

the  sexual  products  to  the  exterior,  and  •  lotioil 


■f^. 


l,iS39.— For  dMcriptioD  lee  next  p»ge. 
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r  stage  of  the  aune ;  C,  the 
D,  the  same  of  the  female  ; 
uphroa  as  yet  rudimentary  ; 

Amiiiots ;  H,  the  same 


A,  the  proDephroB  stage  of  the  Anamnia  ;  B,  &  1 
nriuogenital  apparatus  of  the  tiinlo  Anipliihiai 

E,  pronepliroB  stage  of  the  Ainiiiutu,  the  niei 

F,  nrinogenitsl  apparatua  of  tlie  Amniota  at  a.  stage 
not  (liDereatiated  ;  O,  urinogenital  apparatua  of  mue  . 
of  female  Amniota. 

of,  rectnni  ;  of,  ai",  allantoiaor  urinary  bladder  ;  cl,  cloaca  ;  d.m,  MUlleriui<Iact, 
which  in  Mammals  becomes  differEntiated  (Fig.  H)  into  the  Fallopian  tabe 
{fl),  the  uterus  (ut).  and  the  vauina  (ug) ;  d,m»,  duct  of  the  mesonephroa, 
which  Id  male  Amphibians  and  Elosmobranclis  becomes  (Fig.  C)  the  uriao- 
genita],  and  in  femalea  (Fig.  D)  the  uriuarv  duct.  In  the  male  Amniota  it 
gives  rise  to  the  seminal  duct  (Fig-  0),  and  in  the  female  to  Qiirtner's  duct 
(Fia.  H) ;  d.pn.,  duct  of  the  pronephros ;  g.c,  Cowper's  glanda  ;  g.g,  gonads, 
undifferentiated  atage  ;  Ay,  and  u.m  (FIr,  G).  iin  stalked  hydatids  anauterua 
mosculinus  (vestiges,  in  the  male,  of  the  Miillerian  duct,  d.m) ;  hy.i,  stalked 
hydatid  -,  me,  the  developing  meaonephros ;  ma.r,  renal  portion  of  meso- 
nepbros ;  nu.i,  part  of  the  meaonephros  becoming  converted  into  the  epidi- 
dymis and  parovarium  ;  m*.  r,  vestiges  of  the  mesonophros  (paradidj^mia  and 
paroophoron) ;  m.t,  the  definitive  kidney  or  metanephros  of  the  Amniota  ;  Of, 
abdominal  aperture  of  oviduct ;  of,  ovary  ;  p.a,  abdominal  pore ;  p.g,  penis, 
clitoris  ;  p.n,  pronephros  ;  sti,  urinogenital  sinus  ;  tf,  testis  ;  «r,  ureter  ;  c.«, 
Bcminal  voaicle,  an  outgrowth  of  the  duct  of  the  mesonephros ;  f,  rete  and 
vasa  effercntia  testis  ;  ft,  a  network  homologous  with  these  ■tmctures  at 
the  hilum  of  the  ovary. 


TADULATKn  Rtetrufc  o 


Develops  in  all  Anamnia,  hut 
rarely  persiata  oh  a  permanent 

excretory  organ. 


In  Elnamobrnnclis  and  some 
Amphibians  appears  to  give 
origni  by  suUli vision  to  the 
mcsonephric  (WollBan)  and 
Miillerian  ducts.  In  other 
Amphibia,  becomes  converted 
into  the  niesoncphric  duct.  Its 
fate  in  otiicr  Anamnia  is  not  yet 
fully  investigated. 


urinary  stand.  In  I'tagiu- 
stomes,  tianoids,  Dipniianx, 
:ind  AniphibiaiiR,  a  cei'tnin  por- 
tion beconies  related  to  the  male 
genital  apimratus,  the  remaining 
ortion  persisting  aa  a  permanent 


Still  develops  in  the  Amniota, 
but  as  an  excretory  OTfpui  nnder- 
giies  entire  degeneration   in  th« 


Persists  OS  the  mesonephric 
(Wolffian)  dnct,  and  contributea 
to  some  extent  in  the  formatioo 
>if  the  Miillerian  duet. 


Li«cs  its  renal  function  iu  all 
.\mniota  (as  a  rule  in  the  am- 
hryo),  and  bec-omea  vestigial, 
except  BO  far  as  it  beoomea  on 
iicressory  portion  uE  -  the  gonitaJ 
apparatus  ir  *' '- 


n  the  male. 
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A  iwrtion  (except  in  Cyelo- 
Htomes.  TelecwtH  and  (7)  Holo- 
ci'phali)  bwomes  relatwl  to  the 
testifl  and  functional  in  the  IranH- 
niiRsion  of  tlie  8|K'rni8,  the  distal 
retaining  ita  ronal  function. 


PerHists  as  tlie  kidney. 


Serves  in  TeleoHts  niei-ely  &»  a 
urinary  duct. 

In  KlaBmobranchfl,  (ianoidn, 
Dipnoans,  and  AmphibiauH 
serves  as  the  urinogenital  duct. 


Serves  excrhisively  as  the  duct 
of  tlie  mesonephi-os,  t.^.,  the 
urinary  duct. 


In  Khvsmohninchs  it  degene- 
rates in  |M)st-euil>ryonic  life, 
but  vestiges  of  its  anterior  {K)r- 
tiun  are  retained.  Its  exist4.'n(?e 
in  most  other  Fishes  is  d(mbt- 
ful.  In  Dipnoans  and  Amphi- 
bians it  is  n>tAine<I,  at  any  rate 
for  some  time,  for  its  whole 
length,  in  a  functionlcas  and 
often  but  little  degenerate  con- 
dition. 


When   present,   gives  rise  to 
the  M'hole  genital  duct. 


Probal)ly  unrepresente*!. 


Ainiiiota. 


The  anterior  end  l^ecomes  the 
I'ete  and  vasa  efferent ia  testis, 
the  caput  epididjnnis,  ami  per- 
haps also  tiio  stalked  hydatid 
of  Morgagni :  the  posterior  end 
l>ccomes  the  paradidymis 
((xirahhVs  organ). 


The  greater  part  of  the  an- 
terior portion  IkKiomes  the  par- 
ovarium, the  posterior  the  paro- 
oj>horon. 


The  anterior  |K>rtion  lH.'comeH 
the  corpus  and  (rauda  epididymis 
and  the  posterior  the  spermi- 
duct  (vas  deferens). 


The  greater  part,  as  a  rule, 
<legcncrate8 ;  the  anterior  iM>r- 
tion  may  be  retained  in  a  vestigial 
form  in  the  region  of  the  imr- 
ovarium.  In  certain  cases  it 
may  ]>er8ist,  as  a  whole,  as 
(Jiirtner's  canal.  The  i)osterior 
(rnd  iMjcomes  tlie  organ  ot  Weber. 


ri^l 


The  anterior  ])ortion  l>ecome8 
the  unstalked  hydatid  of  Mor- 
gagni, the  posterior,  in  some 
Alammals.  the  so-called  "uti^rus 
masculinup ''  ( prostatic  vesicle). 
In  excisntional  cases  the  whole  is 
retained  as  Hathke^s  duct.  In 
Sauropsida  the  posterior  [Mrt 
usually  disappears. 


(«iv(;s  rise  to  the  whole  genital 
duct. 


Arises  in  part  (ureter  and  col- 
lectinj^  ducts)  from  the  posterior 
end  of  the  niesonephrie  <iuct,  and 
in  part  (sfx^reting  elements)  as  a 
caudal  extension  of  the  uiesone* 
phros. 
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with  the  coelome  anteriorly  by  means  of  an  aperture  derived  from 
the  anterior  nephrostomes ;  only  vestiges  of  this  duct  are  retained 
in  the  male  (Fig.  339).  Its  fonnation  is  probably  due  to  a  division 
of  physiological  labour,  the  primary  mesonephric  duct  having 
originally  served  to  carry  to  the  exterior  the  generative  cells  of  both 
sexes  as  well  as  the  secretion  of  the  primary  urinary  tubule«, 
through  the  nephrostomes. 

The  remaining  part  of  the  mesonephric  duct  (  Wolffian  duct)  still 
serves  as  a  urinogenital  duct  in  male  Elasmobranchs  and  Amphi- 
bians. In  the  Amniota,  in  which  the  meson ephros  gives  up  its 
function  as  aurinaiy  organ,  the  Wolffian  duct  serves  exclusively  as 
a  spenniduct  (yas  deferens)}  Its  coiled  anterior  portion  takes 
part  in  the  formation  of  the  epididermis. 


The  Oonads  ("  Gtenerative  Olands"). 

The  sexual  cells,  which  give  rise  to  the  ova  and  spei^maiczoa, 
originate  from  the  germinal  epithelium,  which  corresponds  to 
a  differentiation  of  part  of  the  coelomic  or  peritoneal  epithelium 
on  the  dorsal  side  of  the  body-cavity  on  either  side  of  the 
mesentery,  and  into  which  the  Jidjacent  mesodermic  stroma 
penetrates ;  thus  a  pair  of  gonads  or  "  sexual  glands  "  is  formed 
(Fig.  337).  Primitively  the  gonads  had  a  segmental  arrangement, 
and  extended  throughout  a  greater  number  of  body-se^finents. 

The  primitive  germinal  cells  are  at  first  all  similar  to  one 
another,  but  in  the  course  of  development  a  differentiation  takes 
place,  resulting  in  the  formation  of  a  male  or  a  female  gonad, 
i.e.y  a  spermary  (testlB)  or  an  ovary. 

The  mode  of  development  of  the  ova  and  spermatozoa  is 
briefly  as  follows : — 

Ova. — The  cells  of  the  germinal  epithelium  grow  inwards 
amongst  the  connective  tissue  stroma  of  the  ovary,  or  into  its 
cavity  when  hollow,  in  the  form  of  clustered  masses  which  may 
become  separated  off  from  the  periphery:  certain  of  these  cells 
increase  in  size  more  than  the  others,  and  give  rise  to  the  oca, 
while  the  smaller  colls  form  an  investment  of  follicle  round  them, 
and  may  serve  as  nutritive  material.  The  investing  cells  multiply, 
and  in  Manunals  a  cavity  containing  a  fluid  is  fonned  in  the 
middle  of  each  follicle  (Fig.  340) :  the  main  mass  of  the  follicular 

'  The  mcxle  of  dcvclopiiieiit  of  the  MiiUerian  duct  iu  the  Amphibia,  Saurop- 
sida,  and  Mainiimlia  han  undergone  secondary  modifications,  the  details  beiog 
to  some  extent  stiU  under  controversy ;  but  at  any  rate  it  appears  to  be  certain 
that  in  the  Amniota  its  anterior  end  arises  from  a  groove  in  the  coelomic  epithe- 
lium, while  its  [Kwterior  i*art,  closely  connected  with  the  mesonephric  duct,  is 
formed  by  a  grarhiil  backward  growth  of  an  originally  solid  epithelial  cord. 
This  later  loses  itn  connection  with  the  ctelomic  epithelium,  develops  a  lumen, 
and  breaks  through  int<i  the  clrm(;a. 
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s  which  enclose  the  ovum  project,  as  the  dtscits  prdiga^ta,  into 
cavity  of  the  follicle.  When  ripe,  the  ovum,  surrounded  by  a 
■lline  membrane,  comes  to  the  surface  of  the  ovary  and  breaks 
mgh  into  the  abdominal  cavity ;  ^  it  then  pasaos  into  the 
innic  aperture  of  the  oviduct. 

Sifi-ma/uzoa. — In  the  male,  as  in  the  case  of  the  female,  prirai- 
'  germinal  cells  can  be  at  first  distinf^iieihed  in  the  development 


,  dincuB  prulif^ruH ;  Ki.  ripu  ni'Um,  with  JU  germinal  rcaiclp  (AT)  anil  germinal 
spot ;  A*£,  g^rmiiial  epithelium,  ingrowths  from  whioh  exCond  into  the 
Htroiiia  of  the  ovary  t«  form  the  ovarian  tubitB  {PS)  ;  the  utmina  ■■  pene- 
tratttl  by  vemelii  (i/,  ij)  i  I,/,  liiiuor  follicnli ;  Uti,  zotia  pelluci<la,  showing 
rmliati'd  structure ;  S,  cavity  l)eCween  the  follioulnr  epithelium  (tunica 
grarmlotia,  .\f'j)  anil  thu  [irimitivo  uva ;  T/,  thocK  follicali ;  U,  O,  primitive 


"f  the  generative  elements.  These  give  rise  to  a  series  of  seminal 
(k'i«/is  (Fig.  3(i3),  containing  larger  and  smaller  cells;  the  former 
undergo  division  to  form  the  active  and  relative  minute  sperms 
or  Kpermaloioa,  The  nucleus  gives  rise  to  the  so-called  "  head  "  of 
the  Mperm,  while  the  surrounding  protoplasm  becomes  differ- 
entiated to  form  the  motile  "  tail,"  the  '■  neck  "  arising  from  the 
centr()some  of  the  cell  {p.  3). 

'  111  MamninlH  a  certain  nmount  of  blooii  it  poured  out  through  the  broken 
cniU  uf  tlie  vcBHcln  in  the  stromn  of  the  ovary  into  thu  cavity  of  the  follicle 
VHciitul  by  thu  ovum  ;  around  it  a  cullular  investment  ia  formed  from  the  follicle- 
ccIIh,  uihI  further  modilicationH  tAke  place,  resalting  in  a  body  oE  yellow  colour, 
known  ob  the  rorpHA  lultitm,  th<>  function  of  which  may  possibly  lie  that  of 
u  "glutiil  with  internal  aucnition  "  (cf.  under  PanrrAn*,  Adrenals,  Ac). 

O  O   2 


452  COMPARATIVE  ANATOMY 

h,  SPECIAL  PART. 
Urinary  Organs. 

In  AmphioxuB  a  series  (90  or  more)  of  independent  segmental 
tubules  are  present  on  either  side  in  the  reduced  section  of  the 
coeloine  situated  on  the  dorsal  side  of  the  pharjmx,  in  close  rela- 
tion to  the  branchial  blood-vessels. 

Each  tubule  is  partly  glandular  and  partly  ciliated,  and  gives 
oflf  several  knobs  provided  with  peculiar  club-shaped  cells  project- 
ing into  the  coelonie  and  corresponding  to  closed  nephrostomes : 
its  other  end  opens  into  the  atrial  or  peribranchial  chamber 
(p.  352)  by  a  single  aperture.^  The  segmental  arrangement  of 
the  tubules  in  the  adult  corresponds  to  that  of  the  branchial 
apparatus,  and  not  to  that  of  the  myotomes.  No  tubules  are 
present  posteriorly  to  the  pharynx. 

Cyclostomes. — In  the  Petromyzontidae,  the  excretory  system 
resembles  that  of  the  Amphibia  much  more  closely  than  in  the 
Myxinoidei.  In  the  former,  rudiments  of  at  least  thirteen  prone- 
phric  tubules  gradually  appear,  but  only  the  five  most  anterior  of 
these  become  functional.  In  Ammocoete  larvae  about  10  cm.  in 
length,  the  pronephros  reaches  its  highest  stage  of  development, 
and  by  this  stage  a  mesonephros  has  also  arisen  from  the  ccelomic 
epithelium,  so  that  for  some  time  both  organs  are  functional 
(Fig.  341).  As  the  mesonephros  slowly  develops  further,  from 
before  backwards,  the  pronephros  becomes  gradually  reduced,  and 
eventually  also  a  reduction  takes  place  of  about  two-fifths  of 
the  entire  mesonephros  also. 

Observations  on  the  excretory  organs  of  Myxinoids  are  still 
incomplete,  and  it  is  uncertain  whether  both  pronephros  and 
mesonephros  are  developed,  or  whether  only  one  pair  of  these 
organs  is  represented. 

In  none  of  the  Cyclostomes  does  the  kidney  come  into  relation 
with  th(;  generative  organs,  and  its  duct,  which  opens  into  the 
urinog<jnital  sinus,  probably  in  all  cases  represents  the  unaltered 
pronephric  duct. 

Elasmobranchs. — In  these  Fi.shes,  the  transitory  pronephros 
has  a  rudimentary  eharacjter,  and  is  very  variable :  it  usually  only 
ext(;nds  over  3  5  hody-HcgriienlH  ( Raia,  Torpedo) — more  rarely  over 
7-8  segm<?ntH  of  tho  embryo,  and  apparently  has  no  excretory 
function.  Ah  alremly  rm-ntioncd  fp.  44G)  a  differentiation  of  the 
primary  nujHonepliric  i\\\vX  into  Wolffian  (secondary  mesonephric) 

'  It  in  very  doitlitfiil  wlmthiir  thr  Nugg<^tion  is  justified  that  these  epi- 
branchial  tiibuloM  i:orn*H|H>iMl  U%  mm\*y  nxt^Mit  to  tho  pronephros  of  the  Cianiatay 
and  tho  ]>oribratichifil  (ihatnUir  Ut  \{m  diirtt. 


i:  ;t41.— TiiK  Kxi'KKTiiKr  SvHTKM  uT  A  Pelrvutyion  flnvialUit,  '22  mm,  in 
[.KNr^TH.  rroiii  thv  inntT  liile.  (Atfir  Wheelur.)  About  half  the  entire 
h-iintli  'if  the  primary  urinary  ilacl  is  represented,  iinil  behind  tho  proncphroH 
it  iH  ^riNitly  Liiilpii.  Fiiur  pronephrlc  nephroRtomeB  wid  a  folded  tjlomcrulun 
'ii'f  pri'iKiit,  an<l  Ijelwuvn  thp  prooephroa  and  niMuiieplinw  )■  a  portion 
wiintiiiK  in  tubules. 
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and  Mlillerian  ducts,  takes  place,  and  a  distinction  between  an 
anterior,  a  middle,  and  a  posterior  section  of  the  mesonephros  may 
be  observed  in  Plagiostomes  (Figs.  339,  349).  In  the  male  the 
anterior  portion  {epididymis  or  partyrchis)  comes  into  connection 
with  the  testis  by  means  of  small  ducts,  the  vasa  efferentia,  and 
in  the  female  undergoes  reduction  :  the  middle  portion  usually 
becomes  considerably  reduced,  especially  in  the  female,  but  its 
ducts  still  communicate  with  the  Wolffian  duct,  which  is  more  or 
less  dilated  at  its  posterior  end  and  in  the  male  serves  mainly  as 
a  vas  deferens  :  the  large  posterior  portion  forms  the  essential  part 
of  the  kidney,  and  empties  its  secretion  by  means  of  special  urinary 
ducts,  some  of  which  unite  with  one  another,  into  the  urinogenital 
sinus. 

This  differentiation  of  the  hinder  part  of  the  mesonephros, 
and  the  formation  of  special  ducts  in  connection  with  it,  seems, 
in  a  sense,  to  foreshadow  the  condition  which  occurs  in  the 
Amniota  (p.  446). 

In  the  Holocephali  no  sexual  portion  of  the  kidney  can  be 
distinguished,  and  the  anterior  part  in  the  male  Callorhynchus  is 
much  larger  and  more  niJissivc  than  the  posterior  section,  which, 
as  in  Plafifiostomes,  is  provided  with  special  ducts. 

The  kidney  is  very  variable  in  form  and  size:  its  outer 
border  is  usually  notched,  and  this,  together  with  the  arrange- 
ment of  the  nephrostomes  in  the  embryo,  points  to  the  original 
segmental  arrangement  of  the  organ.  The  segmental  char- 
acter, however,  disappears  later  on ;  in  the  adult  the  nephro- 
stomes are  much  less  numerous  than  the  vertcbraB  of  this  region, 
but  their  number  and  size  vary  much  in  different  genera  and  even 
in  individuals,  and  they  do  not  persist  in  all  (e.^.  Carcharias, 
Mustelus,  Echinorhynchus,  Myliobates,  Raia). 

Teleostomes. — The  larval  pronephros  of  Ganoids  consists  of  a 
varied  number  of  canals,  the  segmental  arrangement  of  which  has 
so  far  not  been  accurately  ascertained.^  In  the  definitive  kidney 
(mesonephros)  a  segmental  arrangement  is  recognisable.  In 
Sturgeons,  its  connection  with  the  coelome  by  means  of  nephro- 
stomes takes  place  only  after  the  individual  canals  have  become 
connected  with  the  pronephric  duct. 

The  pronephros  in  the  majority  of  Teleosts  has  only  a 
temporary  significance,  and  extends  over  from  one  to  five 
segments.-  The  mesonephros  constitutes  the  excretory  organ  of 
the  adult,  and  consists  of  a  narrow  band  varying  in  size  and 
diameter  in  different  regions,  situated  on  the  dorsal  side  of  the 
body-cavity,  between  the  vertebral  column  and  the  swim-bladder. 
Secondary    fusions    between     the     two     kidneys     often     occur. 

^  The  nophroKtoines  of  the  pronephros  open  either  directly  into  the  ocelome 

or  into  a  space  shut  off  from  the  latter  which  er*' *■**»  more  or  le«8  folded 

glomus  (p.  443). 

^  It  persists  in  Lepidogaster,  Ficrasfer,  a** 
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The  urinaiy  duct  in  both  groups  probably  represents  the  prone- 
phric  duct,  and  may  lie  more  or  less  freely,  or  be  embedded  in  the 
substance  of  the  kidney.  Posteriorly  the  two  ducts  usually  fuse 
together  and  become  expanded  to  form  a  kind  of  urinary  bladder, 
as  is  also  the  case  in  Ganoids  (cf.  Figs.  350  and  351);  in  its  forma- 
tion, however,  the  ectoderm  of  the  cloaca  also  takes  part.  The 
bladder  usually  opens  behind  the  anus — either  independently, 
or  together  with  the  genital  ducts — by  a  simple  pore,  or  on  the 
summit  of  a  urinogenital  papilla.  Thus  a  differentiation  of  the 
pronephric  duct  into  a  Wolffian  and  a  MUllerian  duct  is  not 
known  to  occur  in  Teleostei,  nor  does  the  mesonephros  come  into 
connection  with  the  gonads :  the  early  development  both  of  the 
pronephros  and  mesonephros  exhibits  special  peculiarities. 

A  close  examination  of  the  organ,  which  appears  to  the  naked 
eye  as  the  kidney  in  Teleosts  and  Ganoids,  shows  that  a  larger  or 
smaller  portion  of  it — more  particularly  the  anterior  part — consists 
of  an  adenoid  or  lymphoid  tissue,  comparable  to  the  hasmolymph 
glands  described  on  p.  435. 

Dipnoans. — The  pi'onephros  of  the  larva  consists  of  several 
tubules,  and  possesses  two  nephrostomes.  The  mesonephric 
tubules  have  at  first  a  strictly  segmental  arrangement,  but  later 
are  more  numerous  than  the  corresponding  myotomes :  they 
possess  no  nephrostomes.  The  mesonephros  forms  the  definitive 
kidney  ;  it  is  relatively  longer  in  Protopterus  than  in  Ceratodus, 
extending  through  a  considerable  portion  of  the  bodv-cavity, 
being  narrow  anteriorly,  and  gradually  broadening  out  further  back 
(Fig.  352).  In  Lepidosiren  and  Protopterus  the  posterior  instead  of 
the  anterior  end  of  the  kidney  comes  into  relation  with  the  testis 
and  so  may  be  spoken  of  as  a  "  posterior  epididymis."  In 
Protopterus  this  is  fused  with  its  fellow  and  covered  with  black 
pigment.  The  kidneys  are  invested  by  lymphoid  and  arlipose 
tissue,  especially  on  their  lateral  and  posterior  bonlers.  In  the 
female,  the  mesonephric  ducts  communicate  with  the  cloaca 
independently,  behind  the  genital  papilla :  in  the  male  they  open 
dorsally  into  the  base  of  the  cloacal  caecum  (Fig.  247)  on  a  single 
(Protopterus)  or  paired  (Le|)idosiren)  papilla.  The  cloacal  cajcimi 
is  possibly  comparable  to  the  sperm-sac  of  Elasmobranchs,  and  to 
the  urinary  bladder  of  Teleostomea 

Amphibians. — Although  the  primary  pronephric  rudiments 
extend  over  a  large  number  of  segments,  the  number  of  Jictual 
pronephric  canals  is  usually  limited  to  12  or  13  in  the  Gymno- 
phiona,  three  in  the  Anura,  and  two  in  the  Urodela.^ 

Thus  the  most  t}^ical  condition  of  the  pronephros  amongst 
Vertebrates  is  met  with  in  the  embryos  of  Gymnophiona,  and  this 

*  The  pronephros  undergoea  <legeneration  at  the  beginning  of  inetainorphosis 
in  Urodeles  and  Anurans,  and  at  a  reUtively  earlier  stage  in  the  Gymnophiona. 
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primitive  condition  is  also  eeen  in  the  mesonephros,  which  consista 
of  long,  narrow,  varicose  bands,  usually  extending  from  the  heart 
to   tho   Anterior  part  of  the  cloaca,  which  latter  is  often  much 


Fill.  342.— DiAuHAM 

A   Female  Ukuukle  ; 
(Afler  J.  W.  ijpeiitfel.) 

a,  collecting  tubea  ot  the   meaonephn>s.   wliici 
((etiital)  <luct  it'/) :    in   tho  feniatc  tlie  Int 


a  tho  Wolffiao  (urino- 
B  simply  M  the  ariomrj 


veBtigiftI ;  02f,  Anterior  portiuu  of  ki<1ney  (epiilidynitB  of  the  nale) ; 
Ho,  t«Btia ;  mff,  n>{i',  Mjilleriati  duct ;  JV,  jHwterior  non-ieiu&t  portion  of 
kidney ;  Ot,  cii'lomic  aperture  of  MUllerian  duct  (oviduct,  Od) ;  Oe,  ovary  ; 
Ve,  rnsa  efTercntia  of  testia  which  open  iaio  the  longitudioal  caoaI  of  tba 
mesiiuephros,  t- 


elongatctl.  In  the  embiyo  they  consist  of  definite 
are  arranged  mutiunerically,  and  in  each  of  them  a 
nephrostomc,  and  an  excretory  duct  can  be  distil 
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354).  This  con<lition  sometimes  persists  in  the  anterior  portion  ot 
the  kidney,  but  owing  to  secondary  prixx'ssea  of  growth,  as 
many  on  twenty  nephrustotnca  are  later  on  met  with  in  a  single 
body -segment.  The  number  of  nephros  tomes  in  the  entire  kidney 
may  iimonnt  to  a  thonsantl  or  more.  As  regards  the  urinarj'  duct 
and  the  relations  of  the  entire  renal  apparatus  to  the  generative 
organs,theOymno|»hicma  in  all  essen- 
tial points  resi'mbk'  other  Amphibia. 
The  kidneys  of  Urodela  and 
Anura  arc  situiitud  in  the  usual 
position  on  the  durtuti  .side  of  the 
Dody-cavity ;  in  the  former  they 
are  band-Hke  and  more  extended 
longitudinally  than  in  the  latter, 
in  which  they  arc  shorter  an<l  more  H§ 
L'ompact,  and  are  confined  to  the 
middle  iHtrtiun  of  the  ctelome. 

In  Un)deleH  they  always  consist 
of  a  narrow  anterior,  and  a  broader 
and  more  Gomi>aet  posterior  portion. 
The  latter,  as  in  Elasmobmnchs, 
gives  rise  to  the  functional  kidney, 
while  the  f<)nner  becomes  connected 
in  the  male  with  the  generative 
organs.  Delicate  vasa  efferentia, 
developed  from  the  mesonephros,  in 
all  ca.ses  ]mlss  out  From  the  testis 
(Figs.  34'2,  355)  into  the  substance 
of  the  kidney,  and  there  open  into 
the  mesonephric  tubules;  they  may  q' 
either  enter  the  kidney  direct,  or  th 
else  open  first  into  a  longitudinal  ,_ 
collecting  duct,  from  which  line 
canals  paK.s  to  the  tubules.  Thus 
the  seminal  fluid  passes  through  the 
nephridia  iis  well  as  througn  the 
Wolffian  duct,  which  serves  as  a 
urinogenital  duct. 

In  Urodela  and  Anura  of  both  si 
always  opens  separately  on  either  side  into  the  cloaca,  receiving 
first,  in  Urodeles,  a  number  of  ducts  from  the  posterior  part  of  the 
kidney  (cf.  Elasmobranchs).  In  Anura  the  Wolffian  ducts 
pass  some  distance  independently  along  the  body-cavity  in  corre- 
spondence with  the  position  of  the  kidneys,  and  a  seminal  vesicle 
(not  present,  e.g.,  in  Rona  esculenta)  may  open  into  each  (Fig.  344). 

The itnnaryWorfrfw,  representing  the  entire  allantoi8(cf  p.  437) 
opens  into  the  cloaca  ventiHlIy,  opposite  to  the  urinogenital 
apcrtares.     Li  ite  oimnlest  form   it  is  finger-shaped   {e.g.   Siren, 


|[i.  :H3.— Malk  UitiNo<: 
OtuiANa  OF  Ha«a  e-calailu. 
the  ventral  siilo. 

0,  aortn ;  Or,  poKtcaval  vein ; 
FK,  ourpim  lulipoiuni :  Jfo,  teatia  ; 
iS.  >",  apertiiriHi  inUt  the  cloaca 
(CV)of  f/r,  urinogenital  (Woiman) 
ducts,  which  appear  un  the  lateral 
surface  of  the  kidne/B  aft;  tV, 
revehuiit  renal  veins. 

s  the  Wolffian  duct  nearly 
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Fio.  3M.— KiDNEV  or  Jh'umi 

tile  nepbrfiHti 

Ur.  uriiiogeiiital  duel 


iiVHi-  /lirlii'.      From  the  ventral  surface,  sbowiD| 
iM  (.SV).     (AfUT  J.  W.  .Siwngel.) 
.'iilurgiiig  at  Cr'  lc>  fiinn  ii  ^luminal  vesiule. 


Proteus),'  but   it   usually   btcoiiics  swollen  distally  and  ia  oftei 
bilobetl:  in  Alylcsand  Bombinatur  it  I'urius  a  double  aac. 

'  In  Aniphiuma,  it  ia  relatively  vt'ry  lon^.    Iti  tliu  Ciyitmnphjonn,  thaWi 
pntentH  curtain  peculiar  Kecoinlary  iii[HtilicalJ'>n!i. 
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Slight  iodicationn  of  a  segmental  arrangement  are  found  only 
in  the  anterior  sexual  portion  of  the  kidney  of  Urodelea  ;  in  the 
posterior  part,  and  in  the  entire  kidney  of  Anura,  all  traces  of 
segmentation  have  disappeared.  In  both  cases,  however,  the 
ncphrostomes  romain  throughout  life  in  great  numbers  on  the 
ventral  aiirfaco  of  the  kidney,  which  is  covered  over  by  the 
pcntoneum  (Fig.  344).  The  nephrostomes  are  connected  with  the 
urinary  tubules  in  larval  Anura,  but  later  on  they  become 
separated  from  them,  and  open  into  the  efferent  renal  veins.  In 
consequi^nce  of  this,  the  body-cavity  of  adult  Anura  is  a  closed 
lymph-sinus,  as  in  the  Anmiota ;  the  peritoneal  fluid,  which  in  the 
larva  wiis  carrit'd  to  the  exterior  ana  lost,  is  in  the  adult  poured 
into  the  general  circulation,  like  the  rest  of  the  lymph. 

ReptUei  and  Blrdi. — In  the  Sauropsirla,  as  in  the  Mammalia, 

the  niesoncphros,  so  far  us  it  is  retained  in  the  adult,  is  usually 
ontii-L'ly   distinct   from  the  functional  excretory  apparatus ;  this 


Fii;.  34."i.-KxniBnj«v  Aitakatvs  tiv  MauU/n-  iWu-ti-i. 


The  right  Uidnev  ia  »hi)« 

[<  111  git  lilt  iiuil   lixits,   BO   that  the   ureter  and   collecting    tubes    are    visible. 

Thi!  iiriliBrj  bliuUli'r  is  not  repreaenteil, 
-V,  y,  kiilnej-B ;  .">''>',  collecting  tulics  which  open  into  tlio  uroter  ( (/r,  tV) ;  Ur', 
aperture  of  ureter  into  the  cloiica. 

consists   of  a    metanephros,  entiri'ly    wanting    in    nephrostomes 
(cf  p.  446). 

The  metanephros  never  extends  so  far  along  the  body-cavity 
as  does  the  iDeB<mephro8 ;  as  a  rule  it  has  the  form  of  a  small, 
compact  (h:  lobuUtod  oi^i,  usually  situated  in  the  posterior 
hsit  of  the  be  rife^,  or  even  entirely  confined  to  the  pelvic 


460  COMPARATIVE  ANATOMY 

region:  it  has  the  latter  position,  for  instance,  in  most  Beptiles 
(Figs.  346,  357,  358)  and  all  Birds  (Fig.  346).  The  posterior 
end  of  the  kidney,  which  is  generally  narrower  than  the  rest, 
may  even  extend  under  the  root  of  the  tail,  as  in  Lacerta,  in 
which  region  the  two  oi^ns  are  fused. 

Thus  according  to  the  position  of  the  kidneys,  the  ureters 
(metanephrie   ducts)  either    do    not    extend    freely    along    the 


Fill.    W«.— MAI-K    UKlNoli 

Ao,  aorta ;  BF,  biin<a  Faliricii.  whith  opens  in 
didymii;  //o,  testis;  JT,  kidney  ;  l/r,  urcle 
at  Sr  :   V.  V.  fiirruws  on  the  veotral  surface 
IB  ilufcrcna,  which  opens  st 


embediled ;   Vil,  t 


Hkkun  {Ardta  riaerea). 
the  cluKa  at  BF* ;  Ep,  epi- 
opeiiing  into  the  cloaca  (Cr) 
the  kidney  in  which  veins  lie 
d'  on  a  papilla  in  the  cloAca. 


body-cavity,  or  they  may  have  a  longer  or  shorter  free  course. 
The  latter  is  the  case,  for  instance,  in  Crocodiles,  and  more 
especially  in  Birds  {Fig.  346):  in  the  latter  the  kidneys 
are  closely  cmhcddcd  within  the  pelvis,  and  their  ventral 
flattened   surface    is     usually    divided   into   lobes   and   is   often 
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penetrated  by  deep  furrows  and  clefts  into  which  the  veias 
extend ;  jnwleriorly  they  may  fiiae  together  in  the  middle  line, 
as  ID  Lizards. 

There  is  not  always  a  perfect  symmetry  between  the  organ 
of  either  side,  and  this  is  most  marked  in  &nake.s,  in  which  the 
groittly  kibnlated  kidneys,  like  those  of  limbless  Lizards,  are 
el<mgated,  narrow,  and  band-tike,  in  con-e spend ence  with  the  form 
of  the  body. 

A  Hmtanj  hladdtr,  arising  from  the  ventral  wall  of  the  cloaca,  is 
present  in  most  Lizards  and  Chelonians  ;  it  is  more  or  less  bilobed. 
A  bladder  is  wanting  in  Snakes,  Crocodiles,  and  Birds,  as  well  oa  in 
Monitors  and  Amnhisbtenians  amongst  Lizards,  It  is  derived  in 
}>art  from  the  stallc  of  the  allantois  and  in  part  from  the  cloaca' 
(cf.  p.  440). 

Mammali. — The  detinitivc  kidneys  of  Mammals  '  are  propor- 
tionately small,  and  lie  on  the  qiiadratns  himborum  muscle  and 
ribs.     Thev  usually  possess  a  convex 
outer,  and  a  concave  inner  border ; 

the  latter  is  called   the   hiluvi,  and  ^  p^ 

at  this  point  the  ureters  arise  and 
the  blood-vessels  enter.  The  ex- 
panded proximal  portion  of  the  ureter 
IS  divided  up  to  fonn  one  or  more 
cahjers  into  which  small  papilliform 
pnx^esses  uf  the  pyramuls  project 
(Fig.  347);  on  the  summits  of  these 
the  urinary  tubules  open  in  varying 

number.     The  calyces  are  continuous  „     «,_ 
...         ,  .■<      ■      ,.  J       J   Km.  347.— ulA'lHAMB 

with  a  large  cavity  in  the  widened      ti'i>inal  Swttion  t 

portion  of  the  ureter  called  the  pelvis.  Kh.sky  or  a  Mahmai.. 
and  fi-om  this  the  ureter  (metanephric  f-a.  calycts!  .V,  Jtf.  me.lull»ry 
duct)  passes  freely  backwards  for  some  aiiliRtaiiiru  arrauifod  in  pynimuU 
distance  ti>  open  into  the  bladder  on  ^''•'X'  I*'*'*"  ""«  I«ier  the 
Its  dorsal  side,  sometimes  nearer  the  the  form  of  the  columns  of 
apex,  sometimes  towards  the  fundus.  Bcrtini  {R,  IS);  R,  H,  cortic&l 
The  bladder  communicates  with  the  ■'^^"  •  '''•  f*'"'"  '•  ^'"• 
uHrvigvnitiilcuiial  uTtirctkraicX.  under 
Genital  organs). 

The  kidney  is  greatly  lohulated  in  the  embryo  ;  this  condition 
may  remain  thniughout  life  {e.g.  in  Cetacea,  Pinniijedia,  Proboe- 
cidea,  and  certain  Ungulates,  Carnivores,  and  Primates,  cf  Fig. 
348),  or  the  lobes  may  bcctmie  more  or  less  completely  united.  In 
the  latter  case  the  original  division  into  lobes  may  still  be  recog- 
nised to  a  greater  or  less  extent  internally.      A  section  of  the 

'  The  urinary  blflder  is  ui<l  to  be  represented  in  embryo  liirda  by  an 
enlargement  of  thesbilkoftheallaDtoiB,  and  in  CrocoiIileB  by  a  ventral  outgrowlJi 
from  the  l-Ioops. 

'  In  Ihe  embryonic  moBonephroe,  nophroatomcs  occur  only  in  Echidna. 
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kidney  shows  an  inner  layer,  the  medullary  substance,  arranged  in 
the  form  of  wedges — the  urinsiiy  iiyramida, — and  an  outer  layer, 
or  cortical  substance,  extending  as  the  coluinna  of  Bcrtini  between 
the  pyramids  (Fig.  347). 

The  Malpighian  capsules  as  well  as  the  coiled  portions  of  the 
tubules,  surrounded  by  a  network  of  blood -capillaries,  lie  in  the 
cortical  substance,  while  thestraightportionsof  the  tubules  extend 
through  the  pyramids,  where  they  gradually  anastomose  to  form 
larger  collectmg  tubes. 

The  uriTuiiy  bladdfr  in  Monotremes  and  nearly  all  Marsupials 
represents  the  whole  allautois,  and  the  ureters  open  at 
its  Junction  with  the  urinogenital  canal  (Fig.  359).     In  placental 


MX 


Mammals,  on  the  other  hand,  the  greater  part  of  the  bladder  is  a 
new  formation,  which  arises  by  a  special  differentiation  of  the 
cloaca,  the  latter  becoming  divided  into  a  dorsal  and  a  ventral 
portion  by  the  formation  of  a  septum.  The  former  is  continuous 
with  the  rectum,  and  the  latter  gives  rise  to  the  urinogenital  canal 
and  bladder,  which  is  continuous  distally  with  the  stalk  of  the 
allantois  from  which  the  urachus  (p.  440)  and  the  meilian  ligament 
of  the  bladder  are  formed.  These  two  sections  of  the  cloaca 
gradually  become  further  separated  from  one  another  by  the 
devclojiment  of  the  perinmtm,  or  spice  between  the  urinogenital 
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and  anal  apertures.  The  bladder  of  the  Eutheria  is  thus  mainly, 
though  not  entirely,  of  endodemial  origin,  and  the  base  of  the 
allantoic  stalk  into  which  the  ureters  open  becomes  included  in  it. 


Genital   Organs. 

In  AmpbioxuB  the  gonads  are  developed  in  a  part  of  the 
reduced  ccelome  situated  on  either  side  of  the  pharynx  and 
intestine  between  the  outer  body- wall  and  the  atrial  cavity.  They 
have  a  marked  segmental  arrangement,  and  each  portion  sheds  its 
products  independently  into  the  atrial  cavity,  whence  they  pass 
out  through  the  atrial  pore  (cf.  p.  352  and  Fig.  258).  The  sexes 
are  separate,  and  are  easily  distinguishable  from  one  another  when 
the  sexual  products  are  ripe,  although  the  gonads  have  a  similar 
form  in  both  sexes.  The  gonads,  which  are  said  to  act  also  as 
excretory  organs,  are  surrounded  by  blood-spaces  which  communi- 
cate with  the  portal  system  (Fig.  324). 

In  Cyclostomes  also,  generative  ducts  are  wanting ;  the  sper- 
matozoa or  ova  are  shed  directly  into  the  body-cavity,  and  pass 
through  the  genital  pores  (p.  389)  into  the  urinogenital  sinus, 
which  in  Lampreys  is  produced  into  a  papilla  on  the  apex  of 
which  the  urinogenital  aperture  is  situated.  The  gonad  is  a  long, 
usually  unpaired  organ  suspended,  as  in  other  Vertebrates,  to  the 
dorsal  wall  of  the  body-cavity  by  a  fold  of  peritoneum,  the 
mesoarium  or  mesorchium.^ 

Myxine  is  hermaphrodite,  and  the  adult  is  either  predominantly 
male  or  female.  The  posterior  part  of  the  gonad  represents  a 
testis,  and  the  remainder  an  ovary,  and  either  the  one  or  the 
other  becomes  mature  in  each  individual.- 

In  the  tnie  Fishes  the  gonads  are  only  exceptionally  unpaired, 
and  even  then  this  is  only  a  secondary  condition,  due  to  the  fusion 
of  the  two  organs  or  to  the  reduction  of  that  of  one  side :  as  in  all 
other  Vertebrates,  they  are  originally  paired.  There  is  sometimes 
a  want  of  symmetry  observable  between  the  organ  of  the  right  and 
left  side  respectively. 

In  the  greater  number  of  Elasmobranchs  the  ovaries  are 
paired :  but  in  some  cases  (e,g,  Scyllium,  certain  Rays)  only  that 
of  one  side  becomes  developed.  The  oviducts,  as  already  men- 
tioned (p.  452)  correspond  to  Miillerian  ducts.  Their  anterior 
portion  has  a  common  opening  into  the  body-cavity,  and  further 
back  each  is  provided  with  an  oviducal  or  shell-gland.  The  anterior 
part  of  the  oviduct  is  always  narrower  and  more  delicate  than  the 
posterior,  which  dilates  to  form  a  kind  of  uterus  in  which,  in  vivi- 
parous forms,  the  embryo  undergoes  development.  Posteriorly, 
the  oviducts  open  into  the  cloaca  somewhat  behind  the  aperture  of 

*  In  Mvxinoids  the  genital  ridge  iH  occasionally  paired. 
^  Sterile  forms  are  also  said  to  occur. 


Fid.  :us. 


Aj  mttle,  nmt  U,  femnlo.  Only  Uie  aiiUirior  end  of  Ihs  Roond  ta  reprceu-nted  T 
each  ligure,  and  uxccpt  Ihnl  in  B  both  kidueys  are  shown,  the  nrgans  of  ihe 
right  Hide  only  aro  drawn.  In  A  the  winiinnl  vesiclo  and  Kperin>!i>ut  nrw  (11»- 
wn'tud  away  froiij  the  kidncyB  and  displaced  outwards,  kiiiI  tile  urinary  tloot* 
inwards, 

ab.p,  deprearion  into  which  Ihe  abdominal  pore  opi<ns  i  el.  i^Ioaca :  eh,  chupcr  ; 
i/.d,  voaa  clfonnitin  extending  betwetm  the  t«Bti«  and  the  anterior  sei<.lion  of 
tlie  iQcsonepbros  ;  t.p,  jf,  middle  wctinn  of  mcaanepbroa ;  jt,  pnateriur  eudjan 
of  nlesonephriM ;  Ir,  anterior  portion  of  liver ;  in.'i,  vcsligiiil  Mnll(<riiui  doot 
in  the  niole;  om,  gullet ;  oi^,  ovary  j  wrf,  oiidivft  (MUlTeHan  dncl) ;  onT 
coDimon  (HEloraie  and  oaT',  oluacal  aperture  of  oviduc-ls ;  r,  rectum  :  *A^, 
shell-gland ;  tpd.  Wolffian  duct  (vm  deferens) ;  irp.s,  sparm-aH  i  n.v,  vesionla 
■eminaliB,  ana  sV,  iu  aperture  into  the  urinogenital  amua ;  ta,  teatia ;  w.g.*, 
urinogonilttl  ainua  :  Mr,  ducts  of  [I'lstcrior  auclion  of  kidney,  and  >ir'  their 
Aperturea  into  the  cloaca ;  ii.",  uiiunT  y  sinus  «'  *- — '■» 
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the  ureters — either  se[>arately,  or  by  a  coininon  aperture  (Fig.  349). 
Internal  fertilisation  takes  place  by  means  of  the  elaspers  of  the 
male  ^  (p.  486). 

In  Mustelus  antareticus  the  uterus  becomes  divided  into  several 
compartments,  each  containing  an  embryo  surrounded  by  a  mem- 
brane apparently  representing  the  homy  egg-shell  of  other  forms ; 
in  others  {e,g,  Acanthias  vulgaris,  Trygon  pastinaca,  Trygorhinn 
fasciata,  Rhinobates  vincentianus),  a  common  homy  investment 
encloses  several  eggs  or  embryos. 

The  testis  of  Elasmobranchs  is  paired  and  symmetrical :  it  is 
oval  in  Chimaeroids  and  more  elongated  and  relatively  larger  in 
Plagiostomes,  in  which  the  two  organs  may  become  partially  fused. 
As  already  mentioned  (p.  454),  vasa  efferentia,  opening  into  a 
longitudinal  canal,  connect  each  testis  with  the  anterior  end  of  the 
corresponding  mesonephros  (epididymis)  in  Plagiostomes,  the 
coiled  Wolffian  duct  serving  mainly  as  a  vas  deferens  and  giving 
rise  to  a  dilated  portion  (vcsicuia  scniinalis),  which  communicates 
with  the  urinogenital  sinus;  a  more  or  less  elongated  csecal 
sperm-sac  also  opens  into  the  urinogenital  sinus,  which  commu- 
nicates with  the  cloaca  at  the  apex  of  a  papilla  (Fig.  349).  In 
the  Holocephali,  the  vas  deferens  forms  a  large,  coiled  mass 
anteriorly,  and  is  connected  with  the  testis  by  mesenteric  folds, 
but  in  the  absence  of  a  mesonephric  part  of  the  epididymis  it  is 
not  clear  how  the  sperms  pass  into  it :  they  become  aggregated 
into  spermatophores  before  entering  the  elongated  and  septate 
seminal  vesicles.  Vestiges  of  the  anterior  end  or  even  the 
whole  (Holocejphali)  of  the  MUllerian  ducts  can  be  recognised 
in  adult  Elasmobranchs. 

The  ovaries  and  testes  of  most  Teleoits,  which  usually 
produce  an  enormous  number  of  generative  cells,  closely  corres- 
pond with  one  another  as  reganls  position  and  the  arrangement 
of  their  ducts.  Dorsal  and  veiitnu  folds  of  the  peritoneum  are 
developed  in  connection  with  the  elongated  ovary,  and  these 
in  most  cases  meet  along  its  outer  side,  so  as  to  enclose  a  portion 
of  the  coelome  and  thus  convert  the  ovary  into  a  hollow  sac 
("  cystoarian  "  condition),  which  is  blind  anteriorly  and  on  the 
inner,  folded  walls  of  which  the  ova  arise.  The  peritoneal  folds 
are  eventually  continued  backwards  to  form  the  oviduct  (Fig.  350), 
which  IS  generally  short,  and  as  a  rule  fuses  with  its  fdlow  to 
form  an  unpaired  canal :  this  opens  either  by  a  genital  |K)re  (p.  390) 
between  the  rectum  and  the  urinary  aperture  on  a  level  with 
the  integument,  or  on  a  papilla,  which  may  become  elongated  to 
form  a  tube  or  **  ovipositor "  ;  or  the  ducts  may  communiaite 
with  a  urinogenital  sinus.    The  testis  is  elongated,  often  lobulated 

*  The  shell-gland  secreUfl  the  homy  material  for  the  egg-ca«e  or  **  purse," 
which  in  Ploffiostomes  is  usually  produced  at  its  four  aiigleH  into  loneer  or  shorter 
tendril-like  threads ;  in  Cestracion  it  has  a  spiral  ridge,  and  in  Callorhynchus  it 
is  very  large  and  expanded  and  covered  on  one  side  by  hair-like  processes.  In 
viviparoas  forms  the  egg-shell  becomes  more  or  less  retluccd. 

H  H 
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in  form,  and  consists  of  radially  arranged  tubules  or  of  acini. 
Its  duct  has  similar  relations  to  those  seen  in  the  female,  arising, 
however,  not  in  the  form  of  a  simple  tube,  but  as  a  network  of 
anastomosing  canals,  which  usually  open  into  the  posterior  end  of 
the  kidney-duct. 

Thus  the  ducts,  both  of  the  ovary  and  testis,  correspond  to  folds 
of  the  peritoneum  enclosing  a  coelomic  cavity  continuous  with  that 
of  the  gonads,  and  originate  quite  independently  of  the  nephridial 
system.  The  oviducts  must  therefore  be  distinguished  from  true 
Miillerian  ducts. 

In  some  Teleosts,  as  in  most  other  Fishes,  the  ovary  is  solid  and 
not  enclosed  in  a  coelomic  sac,  the  ova  being  shed  into  the  body- 
cavity  ("gymnoarian  "  condition).  In  the  Smelt  (Osmerus)  and 
in  Mallotus  the  oviducts  ("  peritoneal  funnels ")  are  not 
continuous  with  the  ovaries,  but  have  open  coelomic  apertures 
close  to  the  latter,  into  which  the  ova  pass  (cf  Fig.  350,  B) ;  while, 
in  other  Salmcnida3  and,  e.g.,  in  the  Muraenidse  and  Cobitis,  these 
peritoneal  funnels  are  shorter,  and  may  even  be  absent,  the  ova 
then  being  shed  into  the  urinogenital  sinus  through  a  paired  or 
single  genital  pore.^  It  is  uncertain  whether  the  latter  is  the 
primitive  arrangement  amongst  Teleostei,  or  whether  the 
peritoneal  funnels  represent  reduced  oviducts.  In  the  Eel,  a 
similar  reduction  of  the  gonoduct  is  seen  in  both  sexes. 

Hermaphroditism  regularly  occurs  in  certain  Teleosts  {e.g. 
Serranus,  Chrysophrys),  and  has  been  occasionally  observed  in  some 
other's  {e.g.  Cod,  Mackerel,  Herring). 

Amongst  Ganoids  the  female  organs  of  L^pidosteus  are 
formed  on  the  same  type  as  those  of  the  Teleostei.  In  Amia  (Fig. 
350,  B)  and  Acipcnser  each  oviduct  opens  by  a  wide  funnel  into 
the  coelome,  but  in  all  Ganoids  each  oviduct  is  probably  com- 
parable to  that  of  Teleosts,  and  not  to  a  Miillerian  duct.  In  the 
male  Lepidosteus,  Amia,  and  Acipenser,  a  series  of  vtisa  eflferentia 
pass  out  from  the  testis  and  open  into  a  longitudinal  canal  from 
which  ducts  enter  the  kidney,  and  then  either  communicate  with 
the  Malpighian  capsules,  or  else  pass  directly  into  the  mesonephric 
duct,  which  therefore  serves  as  a  urinogenital  duct  (Fig.  351). 
In  Lepidosteus  the  latter  dilates  before  uniting  with  its  fellow  to 
open  into  the  urinogenital  sinus.  In  Polypterus,  there  is  a  special 
testis-duct  comparable  to  that  of  Teleosts ;  it  is  associated  with  a 
network  of  cavities  and  opens  into  the  posterior  end  of  the  kidney- 
duct.     Except  in  Lepidosteus,  representatives  of  the  oviducts  of 

^  Most  Teleostei  are  oviparous,  but  viviparous  forma  occur  (p.  436).  The 
male  Stickleback  })uilcls  a  nest  for  the  protection  of  the  young  formed  of  a 
hardened  secretion  (mucin)  of  the  kidney,  which  thus  undergoes  a  change  of  fane- 
tion  at  the  breeding-season.  In  Syngnathus  and  Hippocampus  the  young  are  pro- 
tected within  a  i>ouch  on  the  abdomen  of  the  male,  and  in  the  lemale  Soleno- 
stoma  in  a  poucli  between  tlic  ventral  tins ;  amongst  Siluroids  they  are  carried 
within  the  pharynx  in  the  male  Arius,  an<l  attachc<l  to  the  soft  ventral  integu- 
ment in  the  female  Aspredo. 
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tho  fomiilt;  aru  »aiil  to  bi;  pri'Si-nt  in  the  fonn  i>f  Hhort  coelomic 
fnnnclet  ojR-ning  into  the  kidnt-y-dncts. 

In  thi?  Dipnoi  (Fig.  3S2)  the  elnng«ted  gonmtH  nre  inventtfl 
with    lymphoid    ftnd  lulipose  tissue,  iire   closely  attached  to  the 


F:.i.  3.ie.  Vw.  ;i5l. 

AI.R   UKIKIHIKSITAI.    OtUlAKH   nV   A,    Lt:)'ll>l>HTKi;!<,    AM)   It,   Amia. 

(A.  atU-T  Bulfour  and  l'»rker  ;  11,  nfter  Huxluy.) 

blwlilcr,  kiid  oiif,  its  peritonnul  n|>i'rtun! :  cy, 
};  urini  1)^11  ital  Hpurtiim  i  nr,  kiiiin'j-  ilu'-t. 

..     {Aflor  Itiilfoiir  iiiul 


Fm.   lil,— MaI-K   UBlNfMiENITAI,  DRIIANH  UK 

b/,  blodiler  1  /.r,  longitiidinal  canal;  H,  tes 
iir,  kidney  duct ;  i:tf,  vasii  uffcrentia. 


'i.y-'i/', 


nogpnitfll  aperture ; 


outer  border  of  the  kidneys,  and  when  ripe  become  greatly 
enlarged,  so  as  to  embrace  the  gut  wntmlly.  The  oviducts, 
which  correspond  to  Miillerian  ducts,  are  long  nnd  coiled,  re- 
Bembling  those  of  the  Amphibia;   posteriorly  they  unite  before 

H  H  2 


Fill,    a52.--llRISO«IBNlTAI.    I  .  .   -.   - 

YmtNii  Mmm.     [Alttfr  W.  N.  Parker,  modilicil  After  J.  Urahim  Kerr.)    Tlie 
pcrit'iiieum  [Per]  u  removud  on  Uie  riglil  aide  in  A,  bucI  on  the  left  iu  B. 

/u  Imfh  /if"""'  Q''  postcaval  v«in,  coonecled  l)y  transverse  unastonHiMis  (aiu) 
wilh  Uio  left  poslerinr  uardinal  vein  ( F.cark) ;  Ig,  /y,  lyinpathic  tistue  in 
ci>QiiGctiun  with  tlie  kklniyB;  jVO,  niKBonophrio  dual;  Jv,  A"",  kidney* ; 
fM,  cielomic  aperture  of  Mfllleriwi  Jiict :  Poali,  abdciniiniil  pore :  Hr, 
rwluiii  1  SD,  clmcal  ciecum.     The  veins  from  ihe  gonada  nre  also  IndicatviL 

In  A  :  AyO.apetlateB  of  tiduey  dnuta  into  the  oloacn  (C);  Oi;  Or',  uvariesi 
mil,  OPtl'.  ovlilucM;  Flip,  genital  papilla,  in  the  cloaca  formed  by  the  flision 
(if  the  haae  of  the  Mollerian  ducts. 

Ill   B :    Pap,   urinogenital   papilla ;    Hod,    teateH,   with    their    investment    t4 
lymphoid  and  aiUiMMie  tiasue  [LO) ;  Hod.U,  vcaicular  portion  of  toslis,  uriliobii 
miiWw  with  its  fetlov  postoriorlj,  dorsal  lo  which  j   "        ' 
of  the   kidneys  (epldidymea)  are  ulso  fused   togeth 
()rgraente<l.  like  the  rest  of  tht  kidn.-y :  MO,  Mliller 
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opening  into  the  cloaca,  and  each  communicates  anteriorly  with 
the  body-cavity  by  a  funnel-shaped  aperture.  The  wall  of  the 
oviduct  secretes  albumen  round  tne  eggn  as  they  pass  along  it. 

In  Protoptenis  and  Lepidosiren,  the  greater  portion  of  the  testis 
is  composed  of  numerous  spiTm -producing  ampullsB  o{)ening  into 
a  longitudinal  duct  continuous  with  a  cavity  in  a  simplified 
posterior  prolongation  of  the  gonad,  in  which  no  sperms  are 
formed,  and  which  converges  posteriorly,  fusing  with  its  fellow  in 
Protoptenis :  it  serves  merely  as  a  duct  and  as  a  vesicula  seminalia 
From  the  posterior  end  of  this  portion  a  testicular  network  arises 
in  Lepidosiren,  from  which  about  six  vasa  efferentia  pass  into  the 
Malpighian  capsules  of  the  mes<mephros  ("  posterior  epididymis," 
p.  455),  while  in  Protoptenis  there  is  only  a  single  large  and 
irregular  vas  efferens  on  either  side.  Thus  the  ])osterior  end  of 
the  mesonephric  duct  is  urinogenital  in  function. 

In  Ceratodus  the  manner  in  which  the  sperms  are  conducted 
fn)m  the  testis  to  the  exterior  is  not  definitely  known.  The 
MUllerian  ducts  in  this  genus  are  retaine<l  in  the  arlult,  and 
possess  a  lumen  throughout :  in  Protopterus  they  undergo  further 
reduction,  and  apparently  the  middle  part  disappears,  the  [Kwterior 
end  fusing  with  its  fellow  and  ending  blindly  at  the  base  of  the 
urinogenital  papilla,  while  in  Lepidosiren  only  the  anterior  end 
persists. 

Thus  a  communication  between  the  testis  and  kidney  occurs 
in  Elasmobranchii,  certain  Ganoidei  (Lepidosteus,  Amia, 
Acipenser),  Dipnoi,  Amphibia,  and  Amniotti,  and  on  the  assump- 
tion that  the  condition  in  Polypterus  and  Teleostei  is  a  secondary 
and  not  a  primary  one,  an  attempt  to  bring  these  latter  into  line 
with  the  majority  of  Vertebrates  in  this  respect  is  represented 
diagnunmatically  in  Fig.  3o3. 

Amphibiani. — The  form  of  the  gonads  of  Amphibia  is 
usually  modified  in  correspondence  with  the  shape  of  the  body. 
Thus  in  the  Gymnophiona  the  ovary  has  the  fonii  of  a  long  and 
nan'ow  band,  and  the  testis  consists  of  a  hmg  chain  of  small  bodies 
united  together  by  a  collecting  duct  (Fig.  354).  Each  individual 
portion  of  the  testis  of  Co^cilians  is  made  up  of  a  double  row  of 
rounded  capsules  in  w^hich  the  sperms  are  formed,  and  from  which 
they  are  passed  into  a  collecting  ciuct,  which  perfomtes  each  jxntion 
of  the  organ.  A  transverse  canal  is  given  off  from  the  free  j)ortion 
of  the  collecting  duct  lying  between  every  pair  of  testis-lobes ; 
this  passes  towards  the  kidneys,  and  opens  into  a  longitudinal 
canal.  From  the  latter  the  sperms  pass  through  a  second  system 
of  transverse  canals  to  the  Malpighian  capsules,  and  thence  through 
the  urinary  tubules  into  the  urinogenitil  duct. 

The  male  generative  apparatus  of  all  Urodela  and  certain 
Anura  (Bufonida:^)  corresponds  in  the  main  with  that  seen  in 
Caecilians,  except  as  regards  the  form  of  the  gonads :  thus  the  testis 
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is  either  jMnnled  at  one  or  both  ends  (Fig.  342),  or  more  or  less 
round  or  oval  (Fig.  343,  355). 

In  Rana  (Fig.  355),  Bonibinator,  and  Alytes,  the  vasa  efferentia 
of  the  testis  gradually  become  more  separated  from  the  kidney. 
In  Rana  temporaria,  the  efferent  ducts  are  connected  with  a 
longitudinal  canal,  from  which  the  sperms  pass  through  the 
so-called  ampulla?  (i.e.  Malpighian  capsules  which  have  lost  their 
glomeruli)  and  the  tninsverse  canals  to  the  urinoeenital  duct :  in 
Kana  esculenta  the  efferent  ducts  open  directly   into  the   urino- 


Ro- 


NS 


FlU.    .V)4.— DiAliKAM    OF    A    PoKTiON    OF  THE    MaLE    (*KNERATIVE   AWARATU.S   IN 

THE  (iYMNOHHIONA. 

Ifo,  testiH ;  ^.S',  uriiiogeuital  duct ;  A",  teHtieular  capsulcH ;  3/,  Malpighian 
ca|)8uIeH ;  JV,  kidney ;  Q,  transverse  eanalH  connecting  the  collecting  duct 
with  the  longitudinal  canal  (/>,  L) ;  Q\  second  series  of  transverse  canals; 
S,  convoluted  portion  of  urinary  tubule ;  »SV/»  collecting  duct  of  testis  ; 
.S'T',  nephrostonie. 

genital  duct,  without  becoming  connected  with  the  urinary 
tubules,  while  in  Bombinator  the  greater  number  of  the  posterior 
caucals  end  blindly,  only  the  anterior  ones  being  directly  connected 
with  the  urinogenital  duct.^ 

Mlillerian  ducts  are  always  present  in  a  njore  or  less  ves- 
tigial condition  in  the  male,  and  lie  along  the  outer  border  of 
the  kidneys  in  a  similar  position  to  those  of  the  female.  They 
may  or  may  not  be  provided  with  a  lumen  and  apertures  of  com- 

^  In  Alytes  the  relations  of  the  generative  ducts  require  further  investigation  : 
tlw  offMrwit  ducts  at  the  anterior  end  of  the  kidney  are  said  to  open  into  the 
^filllerian  duct. 


472  COMPARATIVE  ANATOMY 

tnunicatiun  with  the  body-cavity  and  cloaca.     A  vesicula  seminalis 
may  be  present  on  the  urinogeuital  duct  (p.  457). 

Hermaphroditism  occaaionHlly  occurs  in  the  Anura;  only 
one  case  (Triton  ttpntatus)  is  Icnown  amongst  Urodeles.  A  body 
attached  to  the  anterior  end  of  the  testis  ("  Bidder's  organ ") 
in  various  species  of  Toads  contains  cells  quite  similar  to  young 
ova,  and  a  similar  body  is  present  at  the  anterior  end  of  the  ovary, 
the  cells  in  which  are,  however,  incapable  of  ripening.  Id  the 
males  of  Pelobates,  Bufo,  and  Bana  temporaria,  ova  are  at  times 
developed  within  the  substance  of  the  tustis  (hermaphrodite  gland 
or  uvotestis),  and  one  testis  may  even  be  replaced  by  a  rudimentary 


F  Jfatta  eacaUrUa. 

IIo,  tcHtis  ;  L,  longiturihiai  eanni  of  the  tealiculnr  network,  from  which  tb«  inter- 
renal  network  (C,  V)  ariBes  ;  -V,  ki.lncy  ;  7,  q,  trBlisverse  canals  of  the  teeti- 
„.,i .. — I.   ...l:.v   _:..g  ^i^  to  blind  proccBses  at  1 1 ;  Ur,  urinogenital 


ovary :  in  Rana,  the  Miillerian  duct  iimy  then  be  as  well  developed 
as  in  the  female. 

The  ovaries  of  Urodela  ai-e  always  formed  on  a  common  plan : 
each  consists  of  an  elongated,  closed  tube,  with  a  continuous  lumen. 
In  Anura,  on  the  contrary,  the  ovarian  sac  (Fig.  356)  ia  divided  up 
into  a  longitudinal  row  of  numerous  {3  to  20)  separate  pockets  or 
chambers,  on  the  walls  of  which  the  ova  are  developed  and  project 
into  the  cavity,  eventually  breaking  through  into  the  ccelome. 
The  oviducts  open  far  forwards  into  the  body-cavity  by  funnel- 
shaped  apertures ;  they  take  a  tolerably  straight  course  along  the 
outer  borfers  of  the  kldnoys  to  the  cloaca  in  young  animals,  but 
become  greatly  convoluted  and  glandular  later.      A  short  distance 
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from  its  termination,  each  ovidupt  in  Anurans  becomes  dilated  to 
form  A  thin-walled  sac,  in  which  the  t'gga,  covered  by  a  gelatinous 
coating  from  the  glands  in  the  wall  of  the  middle  part  of  the 
oviduct,  becimic  collected  before  uvipoiiition  :  aftur  again  narrowing, 
it   iiRiiaUy  o|>ens  sejianiU^'ly  on   a   papilla  on  the  dorstil  wall  of 


From  tho 


jV,  kidiieye ;  Otl,  «vi<lni-l  j  Ol,  alHloiiiiiiul  itpertiire  iif  nviilui-t. ;  <h\  lutt  ovary 
(that  of  the  right  niclo  in  reiiiovwl) ;  /*,  opening  of  iiviiluut  inU>  the  cloaca ; 
•'<',  -S'',  aperturcH  of  urinary  ductH  into  thti  I'loaun,  mininiiiiliHl  liy  longitudinal 
folds  (*},  whii^h  uru  Bonarateil  by  a  deep  ile]>re3Moii  (t)i  Ul,  thu  dilated 
posterior  eml  of  the  oviniict. 

tht!    cloaca:    in    the  genera    Biifo  and   Alytes  the  two  oviducts 
fiUH?  posteriorly  into  an  unpaired  canal.^ 

'  In  Epiurium  glutinoaiim  ((ijiniiophiona)  the  ripe  eggs  are  very  similar  to 
those  of  Saunipflida :  thi'V  arc  exceptionally  lurgt-  {9  mm.  lung),  ait>  of  an  oval 
shape,  poHHess  a  liirge  yolki  ami  lliu  Hcgintntutiun  ix  mr.rolJiiitle,  and  takes  place 
in  the  oviiluct.  After  fei-tilisHliuii  they  become  coated  with  tough  albumen  in 
the  oviilutt,  and  this  ih  <lrawti  out  at  tliu  pulus  into  chaliizii',  by  iiieaiis  of  whiuh 
'     '      '      '         scrktoce.     The  eggs  are  laid 
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The  cloaca  in  both  sexes  of  Urodeles  is  provided  with  definite 
integumentary  lips,  and  its  cavity  is  often  subdivided  by  folds.  In 
the  female,  its  side  walls  enclose  numerous  tubes,  which,  during  the 
breeding  season,  serve  as  reccptacnda  seminis}  In  the  male  the  lips 
and  dorsal  wall  of  the  cloaca  include  numerous  glands,  amongst 
which  special  pelvic  and  abdominal  portions  may  be  recognised,  and 
which  are  especially  well-developed  in  the  breeding  season.  These 
serve  to  secrete  a  protective  jelly-like  mass  around  the  spermatozoa, 
thus  uniting  them  into  packets,  or  spermatophores.  It  has  been 
observed  in  Newts  that  as  the  spermatophores  are  extruded  from 
the  cloaca  of  the  male,  they  become  taken  up  by  the  female 
between  the  lips  of  the  cloaca,  so  that  fertilisation  of  the  eggs 
takes  place  before,  and  not  after  oviposition,  as  is  the  case  in 
Anura. 

Fat-bodies  {corpora  adiposa)  are  present  in  all  Amphibia  in 
connection  with  the  gonads :  they  are  formed  of  adenoid  tissue, 
fat,  and  leucocytes,  and  contain  numerous  blood-vessels.  These 
bodies  have  probably  an  important  physiological  (nutritive)  re- 
lation to  the  gonads :  after  remaining  for  months  without  food, 
throughout  their  winter  sleep.  Amphibians  are  able  as  soon  as 
spring  arrives  to  produce  thousands  of  offspring. 

Reptile!  and  Birds. — The  essential  differences  between  the 
urinogenital  organs  of  the  Anamnia  and  Amniota  have  already 
been  referred  to  (cf  Fig.  339). 

In  the  Sauropsida,  as  in  other  Vertebrates,  the  form  of  the 
gonads  is  influenced  by  that  of  the  body :  thus  in  Chelonians  they 
are  broad,  while  in  Snakes  and  snake-like  Lizards  they  are  more 
elongated,  and  as  well  as  in  other  Lizards,  are  asymmetrical, 
the  organ  of  one  side  lying  more  or  less  in  front  of  that  of 
the  other.  More  room  is  thus  obtained  for  the  development  of 
the  ovaries;  and,  in  cases  where  the  eggs  are  very  large,  the 
organs  of  one  side  tend  to  disappear,  as  in  certain  Elasmobranchs : 
in  Birds,  for  instance,  the  left  ovary  only  is  completely  developed 
and  functional.  In  Reptiles  the  ovaries  are  penetrated  by  a 
highly  vascular  network  of  trabeculse,  in  the  lymph-cavities  of 
which  the  formation  of  ovarian  follicles  takes  place. 

The  oviducts  (Fig.  357)  possess  wide,  funnel-shaped,  abdominal 
apertures,  and  are  usually  much  folded  transversely  ;  the  right  is 
often  longer  than  the  left.  Their  walls  are  provided  with  numerous 
muscular  elements  and  glands  for  the  formation  of  the  albumen 
and  egg-shell,  and  they  increase  in  size  in  the  breeding-season. 
In  Birds  the  right  oviduct,  as  well  as  the  right  ovary,  becomes 
more  or  less  completely  degenerated,  and  the  left  is  considerably 
coiled. 

Only  slight  remnants  of  the  mesonephros  and  Wolffian  duct 

^  In  Salauiaudra  inaculata  aud  S.  atra  the  c^nta^  4b  thcdr 

vitality  for  a  year  or  two. 
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jM'rsist  in  feniali;  Rcptilcij,  and  these  undergo  fatty  degeneration. 
They  are  arranged  in  a  single  usyni metrical  n»w  on  either  sido, 


B,  urinary  hlaUaur  ;  li\  li<!ok  of  the  )>la<t<ler  (cut  uiwn] ;  N.  ViAnoya  ;  Oil,  ovutuctH. 
which  open  into  tht  c:I»ili'iii  at  Otl^ ;  Ol,  »liiloiniiia1  openiugB  uf  oviiliicU ; 
Oe,  ovariBS :  R,  rcotiim  ;  /f',  opening  ot  rcrtilin  into  the  cloaca  (CT)  i  f^r", 
aperturee  of  the  urutiTH  ititn  tho  cIwua  ;  t,  rcniHiiis  of  munonephrofl. 

between  the  oviduct  and  vertebral  coliinm.     The  veatiges  of  the 
Wtrfffian  duct  arc  more  marked  in  female  Snakes,  Chelonians,  and 
ilcos  than  in  the  majority  of  Lizards. 
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The  testes  of  Sanrupsida  correspond  in  potsitioo  with  the 
uvaries,  and,  like  them,  increase  in  size  in  the  breeding-season; 
ID  Birds,  one  is  generally  larger  than  the  other.  They  have  an 
oval,  round,  or  pyriform  shape  (Figs.  346  and  358),  and  are  made 
up  of  greatly  convoluted  seminal  tabules  connected  by  fibrous 
tissue.  In  Reptiles  {e.g.  I^icerta, 
Anguis),  "  yellow  bodies,"  which 
correspond  to  adrenals  (p,  495),  lie 
along  the  outer  border  of  the  testis, 
and  at  this  point  transverse  canals 

nout  from  the  testis  to  the  epidi- 
is.  The  latter  consists  of  greatly 
convoluted  canals,  and  from  it  arises 
the  vas  deferens  (Wolffian  duct), 
which  either  takes  a  straight  course, 
or  is  more  or  less  coiled.  In  Birds 
it  opens  by  an  independent  aperture 
into  the  cloaca,  while  in  Lizards  it 
fuses  with  the  ureter  shortly  before 
eutering  the  latter. 

Remains  of  the  Miillerian  ducte 
are  present  in  the  male,  correspond- 
ing in  position  with  those  of  the 
female.  Their  lumen  is  not  continu- 
ous throughout,  but  the  abdonainal 
aperture  may  remain  open  (Emys 
Guropa-a),  and  exceptionally  («.y.  in- 
dividuals of  Lacerta  viiidis)  they 
may  be  as  well  developed  as  in  the 
female. 

Accessory  genital  glands  are  pre- 
sent  in   must    Reptiles,  as  in   Am- 
phibians, but  it  is  doubtful  whether, 
or  to  what  extent,  they  are  compar- 
.      able  to  those  of  Mammals  (p.  484). 
of  theMallerianductV^vikia-  I"   Lizards   they  are  well-developed 
ney;  p,  oomnino  aperture  of  on    the    dorsal     and    vcntial    walls 
dlr.^n'^V'p;!,'.':^  Z  <•'  "■»    cl<»ca,  and    their  .ecretion 
(lomal  wall  of  the  cloaca  (C'O ;  passea  into  the  grooved  penes  in  the 
r,  retium ;  V-i,  van  tloferens ;  male.      In     Snakes    similar    dauds 
t,"  yellow  body  (adrenal).       ^^   present,  and   in   mature  Croco- 
diles   odoriferous   ("  musk  ")    glands 
open   into  the  cloaca,  and  are  said  to  be  everBible.     Aooeaeon 
genital   glands  are  wanting  in   Chelonians :   in  those  in  wbi<^ 
so-called  "anal   vesicles"  are   proai-nt,   they   are  hydnatatio  in 
function. 

Lymphoid  organs  are  present  in  many  Reptilei^ 
hero  alw  havt;  a  physiological  relation  to  the  gOM 
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(cf.  p.  474).  In  many  Lizards  they  are  large  and  variously 
coloured,  and  lie  within  the  pelvic  region ;  in  Snakes  they  extend 
along  almost  the  entire  body-cavity. 

Among  Birds,  true  hermaphroditism  has  been  observed  very 
exceptionally  in  the  Chaffinch.  In  some  cases  the  ovary 
may  undergo  structural  changes,  and  no  longer  produce  ova,  the 
female  then  taking  on  certain  secondary  sexual  characters  of  the 
male. 

Mammali. — In  Mammals  the  generative  apparatus  no  longer 
extends  along  the  entire  body-cavity,  as  in  the  lower  Vertebrates, 
but  is  confined  to  the  lumbar  and  pelvic  regions.  Moreover, 
in  correspondence  with  the  close  relations  which  usually  take 
place  between  mother  and  embryo  (p.  438),  there  it?  a  much  greater 
differentiation  of  the  generative  organs  than  occurs  in  lower  types. 
The  transition  is  not,  however,  a  sudden  one,  for  in  the  lowest 
Mammals,  viz.,  the  Monotremes  and  Marsupials  (Figs.  359  and 
360),  these  organs  show  many  points  of  resemblance  to  those  of 
Reptiles  and  Birds. 

In  the  oviparous  Monotremes^  the  left  ovary  is  better 
develope<l  than  the  right,  and  each  has  the  ap[)earance  of  a 
bunch  of  grapes :  the  cloaca  persists,  and  the  oviducts  (MUllerian 
ducts),  which  in  other  Mammals  become  more  or  less  fused  with  one 
another  proximally,  remain  distinct  throughout,  and  open  into  the 
urinogenital  canal  anteriorly  to  the  ureters  and  bladder. 

In  the  higher  Mammals  the  oviducts  become  distinctly  differ- 
entiated into  three  portions, — a  Fallopian  tube,  a  uteinta,  and  a 
vagina.  The  vaj^na  opens  to  the  exterior  (Figs.  339, 360,  and  361), 
while  the  Fallopian  tube  communicates  with  the  abdominal  cavity 
by  a  funnel-shaped  aperture  which  is  usually  fimbriated  and 
ciliated. 

In  Marsupials  the  ovaries  vary  much  in  form,  and  the  fusion  of 
the  two  oviducts  is  much  less  marked  than  in  the  higher  Mammals  : 
in  order  to  trace  the  gradual  differentiation  of  these  parts,  their 
condition  in  Opossums  (Didelphidsc)  will  first  be  considered. 

A  dilated  [)ortion  of  each  oviduct  (Fig.  360,  A),  giving  rise  to  a 
uterus,  is  plainly  distinguishable  from  the  rest,  ana  its  narrowed 
posterior  end  comes  into  close  contact  with  its  fellow  in  the  middle 
line.  At  this  point  (f )  each  uterus  communicates  with  the  vagina 
by  a  distinct  os  utcH,  The  vagina  curves  sharply  outwards,  and, 
then  backwards,  opening  close  to  its  fellow  into  the  elongated  urino- 
genital canal.  The  ureters,  as  in  all  other  Marsupials  in  which  the 
vaginae  have  a  similar  arrangement,  pjiss  between  the  curved 
portions  of  the  vaginae  to  the  bladder. 

From   the  condition    of   the    female    generative    organs    in 

'  Tli6  Mgi  (maal^Qiia  in  Echidna  and  two  in  OrnithorhynchuR),  sarrounded 
bj  ft  tUii  mmII  oI  kmlin,  have  only  been  found  in  the  left  ovidact,  in  which 
their  flMljdMwl  -*  place. 
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Didelphya,   that  seen  in  other  Marsupials  may  be  (Ifrived.      In 
Phalangista  viilpina  iind  PhoNCoiouiys  wniiibnt  (Fig.  3G0.  H  and  C) 
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nrinftry  bladder ;  CV,  c1<mc»  ;  g,  cTitoria :  .V,  kidney  ;  Oil,  Fallopiui  tube,  aiul 
Ot  (Am),  iU  kbdominml  opBDisg ;  Ov,  ovary ;  r,  ructum,  which  oiieiu 
at  Hi  Ur,  nnter;  Vt,  nlmu;  f(',  openings  of  uleri  into  the  vapnal 
onosm,  VgB\  Kf*,  aueiluiw  of  vagiiue  into  the  uritiugenital  canal  {Sag) ; 
*,  t,  reotal^udil  t,  ModlMtwaBilntaruiand  v-tgina. 
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genital  canal,  the  septum  between  them  disappearing  at  the 
same  time.  A  vaginal  ccecum  is  thus  formed :  this  may 
become  more  elongated,  and  finally  extend  backwards  so  as  to 
meet  the  anterior  wall  of  the  urinogenital  canal,  into  which  it 
may  in  some  cases  eventually  open  by  the  formation  of  a  so-called 
third  vagina  y  as,  e.g. ,  in  certain  species  of  Macropus  and  Halmaturus. 
The  anus  and  urinogenital  apertures  are  surrounded  by  a  common 
sphincter. 

In  nearly  all  the  placental  Mammals  (Monodelphia)  the 
posterior  portions  of  the  Miillerian  ducts  become  fused  to  form  an 
unpaired  vagina,  and  a  definite  cloaca  exists  only  in  the  embryo ; 
but  even  in  the  adult,  the  anus  and  urinogenital  aperture 
may  in  certain  cases  {e.g.  amongst  Rodents)  be  enclosed  by  a 
common  fold  of  the  integument  as  in  Marsupials,  and  a  median 
septum  is  sometimes  present  in  the  vagina  distally,  indicating  its 
primarily  double  nature.  The  uterine  portions  of  the  oviducts  may 
also  fuse  with  one  another  to  a  greater  or  less  extent,  and  thus 
the  most  various  forms  of  uteri  result  (Fig.  361,  A  to  D),  viz. — 
uteincs  duplexy  with  two  ora  uterorum  (most  Rodents),  uterus 
bipartitits  and  uterus  hicomis,  double  in  part  only  and  with  one  os 
uteri  (Carnivores,  most  Ungulates),  and  uterus  simplex  (Primates). 
In  the  last-mentioned  fonn  the  primitively  paired  condition  of  the 
Miillerian  ducts  is  seen  only  in  the  Fallopian  tubes,  which  vary 
much  in  form.  The  ureters,  unlike  those  of  Marsupials,  always 
pass  to  the  outer  side  of  the  genital  passage,  the  vagina  being 
single. 

The  urinogenital  canal  may,  as  in  Marsupials,  be  of  consider- 
able length  {e.g.  amongst  Rodents),  and  a  fold  of  the  mucous 
membrane  (hymen)  ^  is  often  present  where  the  vagina  opens  into 
it.  On  the  ventral  wall  of  the  urinogenital  canal,  the  clitoris 
(p.  487)  is  situated.  In  both  male  and  female  the  space 
between  the  urinogenital  aperture  and  the  anus  is  known  as  the 
perinceum. 

The  ovaries  of  monodelphous  Mammals  are  usually  small,  and 
rounded  or  oval  in  shape,  their  surface  being  either  smooth, 
irregular,  or  furrowed.  The  point  at  which  the  nerves  and  vessels 
enter  is  not  covered  by  peritoneum,  and  is  called  the  hiium. 
Various  differences  are  seen  as  regards  the  relations  of  the  peri- 
toneum to  the  ovary,  and  from  a  simple  investment  on  the  ventral 
side,  the  organ  hardly  sinking  into  the  peritoneum  at  all  {e.g. 
Rabbit,  Cat),  all  stages  occur  up  to  its  complete  investment  so 
as  to  form  an  ovarial  sac. 

Remains  of  the  mesonephros,  known  as  the  parovarium^  are 
present  in  the  neighbourhood  of  the  ovary,  oviduct,  and  uterua 
These  usually  consist  of  small  cjecal  tubes,  forming  a  network^ 
which  are  connected  together   by   a   collecting  duct.     In 

I 

*  A  similar   fold,  closing  the  apertures  of   the  oviducts  in  tbt- 
condition,  is  present  in  Elasmobranchs. 
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Fio.  361.— Various  Forms  of  Utkri.  A,  B,  C,  D,  diagrams  Hhowing  the 
different  stages  in  the  fusion  of  the  Miillerian  ducts :  A,  uterus  duplex  ;  B, 
uterus  bipailitus  ;  C,  uterus  biconiis ;  D,  uterus  simplex  ;  E,  female  urino- 

genital  apparatus  of  MuHtelhiat  containing  embryos  (*   *)  in  the  uterus  ;  F, 
itto  of  Hedgehog  {Erijiaceus), 
B,  urinary  bladder ;  Ce,  cervix  uteri ;  JV,  kidney ;  iVn,  adrenal ;  Od,  Fallopian 
tube ;  Otf  abdominal  aperture  of  Fallopian  tube ;  r,   rectum ;  Sug,   urino- 
genital  canal ;  Ur,  ureter  ;  Ut,  uterus  ;   Vg,  vagina ;  f,  f,  accessory  glands. 

where  the  WolflSan  dact  persists  in  the  female,  it  passes  from  the 
paroYarium  to  the  urinogenital  canal,  and  is  spoken  of  as  Gartner* a 
dud  (Fig.  339,  H). 

A  fiud  of  the  akh*  *^  the  abdomen  forming  a  pmtch  or  mar- 
mipiwn  is  pwy*  oa  and  to  a  greater  or  less  extent  in 

1  1 


482  COMPARATIVE  ANATOMY 

Marsupialn'  (p.  35) :  in  the  former  this  serves  to  protect  the  egg, 
ond  in  the  latter  the  young,  which  are  bom  in  a  very  unripe  con- 
dition, thus  rendering  possible  a  longer  connection  between  the 
mother  and  embrj'o  during  lantation.     The  aperture  of  the  marsu- 

f)ial  pouch  opens  anteriorly  or  posteriorly,  according  to  the  mode  of 
ife  of  the  animal,  and  is  provided  with  a  sphincter  muscle  capable 
of  closing  it.  In  Marsupial  embryos  the  margins  of  the  lips 
become  partially  fused  secondarily  and  temporarily  to  form  a 
suctorial  mouth,  by  means  of  which  the  young,  many  of  the  organs 
of  which  are  still  in  a  "  larval  "  condition,  become  attached  to  the 
teats  (cf.  p.  438). 

In  male  Mammals,  the  testes  arise  in  the  same  relative  position 
as  the  ovaries  of  the  female.  The  ovaiy,  however,  does  not 
become  shifted  further  backwards  than  the  pelvis  in  the  course  of 
development ;  but  the  testis  may  pass  out  of  the  abdomen  through 
an  inguinal  canal  into  a  purse-like  outgrowth  of  the  integument  in 


E  Descbht  of  thb 

a,  ligainentum  testis  ;   b,  liganientum  iiiguiuate  ;  c,  muscular  conua  inguinalis. 

the  inguinal  region  called  the  sci-otal  sac,  which  is  lined  by  a 
continuation  of  the  peritoneum,  the  tunica  vaginalis  (p.  362).  The 
.  two  scrotal  sacs  may  remain  separate,  or  unite  to  form  a  scrotum  : 
in  Matsupials  this  is  situated  in  front  of,  and  in  placental  Mammals 
behind  tne  penis.  If  the  inguinal  canals  remain  widely  open, 
the  testes  may  be  withdrawn  perio<]ically  into  the  abdomen  (as  e.g. 
in  Rodentia  and  Insectivora,  m  which  they  only  descend  at  sexual 
maturity) :  this  is  effected  by  means  of  the  crcmaater  muscle,  a 
more  suitable  name  for  which  would  be  the  levator  s.  retracior  testis. 
This  muscle  is  a  continuation  of  the  fibres  of  the  internal  oblique 
and  trans versalis,  or  of  the  latter  only,  and  corresponds  to  the 
"  compi-essor  mamma; "  of  female  Marsupials.  When  the  inguinal 
canals  become  reduced  (as  e.g.  in  Man)  the  testes  remain  perma- 
nently in  the  scrotum.  In  many  Mammals,  however  («J.  Mono- 
'  Traces  of  the  niantupial  folds  occur  in  jiiiiiu>  -*  varioDa  mala 

Mnrsupiala,  and  tridkatioiia  of  a  Mareupud  i^pt 
several  of  the  higher  Mamiiials. 
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tremes,  most  Edentates,  Hyrax,  Elephant),  the  testes  are  retained 
within  the  abdomen. 

Originally,  the  descent  of  the  testes  did  not  occur  until  sexual 
maturity  in  all  cuttos,  but  in  many  Mnninials  (e.g.  Marsupials, 
Ungulates,  Camivora,  PriinatoM)  the  process  hat  gradually  become 
shifted  backwards  ontogenotically  to  earlier  periods,  so  that  the 
formation  of  the  scrotum  takes  place  independently  in  the  embryo 
in  the  form  of  the  external  genital  folds,  from  which  also,  in  ttie 
human  female,  arise  the  "  labia  majora  "  of  the  vulva.' 

The  tcste.1  are  smooth,  and  somewhat  oval  in  form;  their 
relative  size  varies  in  diHbrent  MammalH,  and  they  may  become 
periwlically  enlarged  at  the  breeding  season  {e.g.  Rodents  and 
Insectivores) ;  they  are  covered  by  a  fiorous  investment  (Fig.  H63), 


?•    x/r 


Fig.  363.— Diaora: 

.  tunica  ftlbuginen  of  the 
corpus  Hi^hmori  (t)  ;  Cc 
the  collecting' I uct,  Vep  ; 
epididymis ;  Va,  vaa  abci 
testis). 


_  ves  rise  to  the  trabeculit  [l,  ()  anil  the 
li  vasculoai,  which  are  roniiuct4Ml  together  by 
«atia  :  L,  L.  coiU  of  the  somiTial  tubules  ;  NH. 
;   Vil,  vu  deferens  ;   Ve,  vua  effurantia  {rate 


from  which  processes  (trabeculre)  u.^ually  extend  inwards.  Thus 
the  seminal  tubules  become  separated  into  definite,  lobed  mosses, 
and  a  sort  of  lattice-work  is  also  formed  (corpus  Highmori)  by 
means  of  which  the  elements  of  the  vasa  efferentia  (jass  to  the 
epididymis.  In  the  latter  the  seminal  tubules  become  rounded  off 
to  form  the  so-called  coni  vascidosi,  and  these  arc  connected  together 
by  a  collecting  duct,  the  vaa  ep'ulidymitis.  The  vsis  deferens  arises 
horn  the  last  conns  vasculosus,  and  gives  rise  towards  its  distal  end, 
Bhortl;^  before  it  opens  into  the  urinogonital  sinus  close  to  an 
elevation,  the  aotlieiutu  seminalis,  to  glandular  outgrowths  (wsiimlfs 
wmnalM),  which  may  attain  a  relatively  enormous  size  (Fig.  864). 

'  "Lthtma^lar^"  kbnoanur  incert«in  other  Primates,  but  in  nindt  Monkeys 
"l«U»"*"i»»*  wit  bounding  the  vulva,  and  those  belong  morpho- 

lopl**  .  to  (be  tcrotal  folds. 
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From  this  point  to  its  termination  at  the  apex  of  the  penis,  the 
seminal  canal  is  spoken  of  as  the  ductus  ejaculalorius. 

In  many  Mammals  vestiges  of  the  Mitllerian  ducts  are  pre- 
sent in  the  male,  and  open  into  the  urinogenital  sinus.  In  Man, 
only  the  posterior  end  of  the  ducts  remain  in  the  form  of  an 
unpaired  vesicle  {litems  viaculinus).  which  lies  embedded  within 
an  accessory  genital  gland,  the  prostule. 

Aoceiiory  genital  glandi  (Fig.  364.),  certain  of  which  have 
just  been  referred  to,  are  present  in  all  Mammals,  but  vary  much  in 


Flfi.    301.— UBINOIiEMTAI,  t 
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e.f.p,  corpus  uavcmosuni  t>f  Che  puiiis ;  ijl.ninp,  ainpiLllary  glands :  ^.coaji,  bulbo- 
urethral (C[>w|icr'B)  glaiiilH :  g.ji,  npex  of  peuiB,  eeen  through  a  slit  made  in 
thi!  prepuce :  ijl.pritp,  pnf  putial  aland  ;  gl.pront  I,  pro»t  III,  prostat«—the 
po»t«ric)r  and  dursal  {lortioii  is  hidden  ;  ur,  ureter  ;  v.d,  va*  deferens  ;  rM.Hr, 
urinary  bladder  ;  nrrlh,  urethra;  rtv.v.d,  vesiculiL- semi  Dates. 

number,   form,   and    relative   size.     They   may    be   classified   as 
follows  :— 

I.  Glands  ariting  from  the  semiiial  dtict.  A.  Ampullavy  glaiuh, 
situated  in  an  ampulla-like  enliirgement  of  the  seminal  duct  or 
embedded  in  the  latter :  they  are  present,  e.g.,  in  the  Shrew, 
Ruminants,  and  certain  Carnivores  and  Rodents ;  in  many  of  the 
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last-mentioned  Order  they  arc  greatly  developed.  B.  Vesiculcc 
seminalcs,  opening  into  the  ductus  ejaculatorius  together  with 
the  seminal  duct :  they  are  usually  large,  saccular,  and  tubular 
structures,  and  occur  in  certain  Rodents,  Insectivores,  and  Bats, 
and  in  Sirenians,  Elephants,  Ungulates  (especially  Perissodactyles) 
and  Primatas. 

II.  Glands  arising  from  the  urinogenital  canal,  A.  Prostate  glands, 
fully  developed  in  the  male  only,  enclosed  by  smooth  muscles,  and 
sometimes  more  or  less  distinctly  subdivided  into  two  or  three 
lobes.  The  prostate  is  wanting  only  in  Monotremes,  Marsupials, 
Edentates,  and  Cetaceans.  A  median  sac,  opening  into  the 
urinogenital  canal,  is  surrounded  by  the  prostate,  and  the  degree 
of  its  development  exhibits  considerable  variation.  It  is  usually 
described  as  the  vesicula  prostatiea  or  utei^is  wa^C7e/tn?e5,  and  in  most 
cases  (not,  e./jr.,  in  Lepus)  corresponds  to  the  fused  bases  of  the 
Milllerian  ducts :  a  more  appropriate  name  would  therefore  be 
vagina  viasctdina,  B.  Urethral  glands,  present  in  both  sexes  in 
the  form  of  scattered  glands,  and  more  definite  and  localised 
bulbo-urethral  or  Coiaper*s  glands,  known  in  the  female  as  the 
glands  of  BarthulinL  Thase  are  phylogenetically  the  oldest 
glandular  appendages  of  the  urinogenital  canal.  The  scattered 
glands  in  some  cases  are  abundant,  and  in  others  {eg.  Canidse) 
are  wanting :  Cowper  s  glands  are,  with  few  exceptions  (e.g.  Dog, 
Bear,  aquatic  Mammals),  of  constant  occurrence  and  position :  they 
are  surrounded  by  striped  muscle. 

III.  Glands  of  the  external  genital  organs  and  inguinal  region 
(preputuil,  inguinal,  and  anal  glands).  These  are  epidennic 
stnictures,  and  are  derivable  from  sebaceous  glands  or  sweat-glands 
(cf  p.  33). 

There  seems  to  be  no  doubt  that  the  secretions  of  the  prostate, 
ampullary  glands,  and  seminal  vesicles  have  an  important  relation 
to  the  vitality  and  fertilising  j)ower  of  the  spermatozoa,  and  a  high 
degree  of  fertility  is  usually  seen  in  those  animals  in  which  these 
glands  are  most  markedly  developed.^  The  secretions  of  the 
preputial,  inguinal,  and  anal  glands,  in  addition  to  protecting  the 
surface  of  the  skin  around  the  urinogenital  and  anal  apertures,  is 
doubtless  of  secondary  sexual  importance,  owing  to  the  production 
of  odoriferous  substances. 

'  In  many  Mammals  {f.y.  RodentH,  InBcctivorcB)  these  glands  have  also 
another  function.  Their  crmgiilatcd  secretion  forms  a  kind  of  "sUjpper"  for 
closing  the  vagina  and  thus  ensuring  fertilisation.  In  certain  Bats  the  mucous 
membrane  lining  the  neck  of  the  uterus  becomes  mo<lified  directly  after  copula- 
tion, and  togetner  with  the  secretion  of  the  ain-essory  genital  glands  closes 
the  o^nal  and  proteirts  the  mass  of  sperms  until  the  following  spring,  when 
fertilisation  of  the  ova  takes  place  :  it  has  been  shown  that  the  spermatozoa  may 
thus  retain  their  vitality  within  the  uterus  for  eight  months.  In  some  ca&es  the 
secretion  in  the  vagina  originates  from  the  accessory  genital  glands  of  the  male. 
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Copulatory  Organs. 


Various  forms  of  copulatory  organs,  morphologically  distinct 
from  one  another,  occur  amongst  Vertebmtes. 

In  male  ElaBmobranchs,  an  apparatus  consisting  mainly  of 
a  specially  modified  portion  of  each  pelvic  fin  {clasper  or  "mii:- 
opterygium '")  serves  this  purpose  (Fig.  365).  It  consists  of  a  vary- 
ingnnmbev  of  more  or  les.s  calcified  cartilages,  covered  by  skin  and 
muscles,  which  are  movable  upon  one  another,  and  most  of  which 


Fm.  .105.  — Pelvic  kwn  with  Skeleton  ok  Pblvh;  Fin  and  Claspeks  of   a 

Male  Ckiiiuimt  inoiiKiroiM.     (After  r>a\idoff.)     Ventral  view. 

B,  pclvii!  arth  witli  iliac  prooess,  Pril ;  Ml,  baHipterygium  ;  Ra,  Ri^,  radii  of  fin  ; 

Sh,  anterior  closper  ;  a—/,  I — 3,  various  avgineots  of  the  posterior  clanper. 

are  derivatives  of  the  main  and  lateral  fin-rays :  it  is  provided  with 
a  channel  along  the  inner  side,  and  becomes  separated  from  the  fin 
itself  in  varied  degrees  in  different  forma.  Its  apex  is  usually 
naked,  but  may  be  provided  with  one  or  more  movable  spines, 
which  in  the  Spinacidre  consist  of  a  curious  tissue("chondrodentin"). 
These  claspcrs  arc  insertinJ,  in  a  closed  condition,  into  the  cloaca 
of  the  female,  and  thence  into  the  oviducts ;  they  are  then  opened 
out  by  means  of  special  muscles,  and  the  seminsj  fluid  flows  along 
their  channels  into  the  distended  oviducts.  In  connection  with 
this  appjinitns  there  is  a  gland  (p.  19)  surrounded  by  muscular 
fibres,  which  is  formed  as  an  involution  of  the  outer  integument 
and  consists  of  bi-anched  tubes. 
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In  addition  to  [)elvic  claspers  essentially  similar  to  those  of 
other  Ehismobranchs  (the  distal  part  in  Chiniaera  being  subdivided 
and  covered  with  numerous  dermal  denticles)  the  Holocephali 
possess  a  pair  of  curious  anterior  claspers  (Fig.  305),  which  are 
jirotruded  from  a  shallow  pouch  situated  in  front  of  the  pelvic 
fins;  each  of  these  consists  of  a  plate  covered  with  dennal 
denticles,  and  in  Callorhynchus  a  grooved  structure  is  present  in 
addition.  There  is  also  a  knob-like  organ,  usually  known  as  the 
frontal  claspcr,  on  the  upper  surface  of  the  head  (Fig.  66). 

Amongst  Amphibiani,  the  very  muscular  cloaca  in  the 
Gymnophiona  can  be  extruded  to  a  length  of  5  centimetres,  and 
thus  serves  tempomrily  as  a  kind  of  copulatory  organ. 

Two  kinds  of  copulatory  organs  are  found  in  Reptiles,  the  one 
being  seen  in  Lizards  and  Snakes,  and  the  other  in  Chelonians  and 
Crocodiles.     In  tlu*  former  there  are  two  copulatory  sacs  or  pe7i€8 


-/^•SD'^ti 


A  B 

Fn;.  30G.— Coi'Ui^vTORV  ORCiANs  of  Lacttia  afjiiit.  (After  F.  Leydi^.)  In  A 
they  are  shown  everted,  and  in  B  their  position  in  the  retracted  condition  is 
indicated  by  dotted  linen  extending  backwardH  from  the  vent. 

C( ,  vent  ;  //,  7?^  penes ;  SDj  the  so-eaUed  femoral  i)ores  (see  p.  23) ;  f,  spiral 
furrow. 

lying  outside  the  cloaca,  under  the  skin  at  the  root  of  the  tail,  and 
these  can  be  everted  and  protruded  through  the  vent,  and  again 
withdrawn  by  means  of  a  muscle  inserted  into  the  blind  end  of 
the  sac  (Fig.  866).  In  its  everted  condition,  a  spiral  furrow 
extends  along  each  sac  down  which  the  seminal  fluid  passes. 
These  organs,  which  show  no  cavernous  structure,  are  also  repre- 
sented in  the  female,  in  which,  however,  they  are  much  smaller. 

In  Chelonians  and  Crocodiles  the  penis  is  single,  and  con*e- 
sponds  to  a  thickened  portion  of  the  anterior  lip  and  ventml  wall 
of  the  cloaca  (Figs.  867,  868,  a).  It  consists  of  fibrous  and  caver- 
nous (erectile)  tissue  and  is  protrusible,  and  definite  protractor  and 
retractor  muscles  occur  in  Chelonia  similar  to  those  in  Ratite  Birds. 
In  the  female  it  is  represented  by  a  smaller  clitains.  The  penis 
bifurcates  proximally,  and  its  distal  tongue-shaped  portion  ends 
freely;  a  longitudinal  groove  extends  along  the  upper  surface,  at 

1  I* 
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the  proximal  eud  of  which  the  vasa  deferentia  open.  In  Crocodiles 
the  free  portion  is  relatively  longer  and  the  groove  deeper  than  in 
Chelonians. 

In  many  Birds  a  copulatory  organ  is  present,  formed  on  a 
similar  plan  to  that  of  Crocodiles.  It  is  well  developed  amongst 
the  Ratitae  and  Lamellirostres,  and  in  many  other  Birds  can  oe 
recognised  in  a  rudimentary  condition.  In  Struthio  it  resembles 
that  of  the  Crocodile,  except  that  the  distal  free  portion  is  longer; 
it  is  grooved  above,  encloses  cavernous  tissues,  and  is  supported  by 
a  fibrous  body,  bifurcated  at  the  base.  In  Dromaeus  and  Rhea  there 
is  an  aperture  at  the  apex  of  the  penis  leading  into  an  elongated 
and  curved  blind  sac,  in  which  is  a  ftirrow,  lined  by  cavernous 
tissue,  continuous  with  the  groove  on  the  dorsal  side  of  the  organ. 
In  the  Duck  and  Swan  the  spiral  penis  is  essentially  similar  to  that 
of  Dromaeus  and  Rhea.  The  absence  of  the  blind  sac  in  the 
Ostrich  is  probably  a  secondary  modification.  A  clitoris  is  present 
in  the  female  of  the  above-mentioned  Birds. 

The  penis  of  Monotremes  may  be  best  imderstood  by 
imagining  a  hypothetical  form  intermediate  between  it  and  that  of 


Fig.  367.— Trans vkrse  Skction  of  the  Cloaca  of  a  Cheloman.      Slightly 

diagrammatic.     (After  Boas. ) 

/*,   fibrous  body :  >•,   seminal  furrow,   bounded  by  cavernous  issue ;  r,  wan  of 

cloaca. 

Crocodiles  and  Chelonians  (Figs.  368,  b).  We  must  suppose  that 
a  sac-like  outgrowth  into  which  the  ureters  and  vasa  deferentia  open 
has  become  developed  from  the  ventral  cloacal  wall  at  the  base 
of  the  penis,  the  groove  in  which  has  become  converted  into  a 
canal.  The  Monotreme  condition  is  reached  by  the  sac  elongating 
to  form  a  urinogenital  canal,  into  the  distal  end  of  which  the 
urinary  and  genital  ducts  and  the  bladder  open  (c,  d).  The  penis 
consists  of  an  unpaired  fibrous  body  enclosing  the  seminal 
canal,  and  is  only  loosely  surrounded  by  the  mucous  membrane 
of  the  cloaca,  so  that  it  can  be  protruded  from  and  retracted  into 
a  sheath.  In  Echidna,  cavernous  tissue  is  present  in  the  apex 
or  glaiis]  and  in  Ornithorhynchus  the  apex  is  bifurcated  and 
covered  with  soft  spines,  the  seminal  canal  or  urethra  opening 
in  each  case  by  numerous  fine  canals  situated  on  papillae.  A 
clitoris  is  present  in  the  female  of  all  Mammals. 

In  Marsupials  (Fig.  369,  a),  the  penis-sheath  opens  on  to  the 
surface  of  the  body,  below  the  anus ;  the  opening  of  the  urino- 
genital canal  into  the  cloaca  has  become  closed,  and  is  continuous 


A 


Fi«.  3d8.— Diagrammatic  Lokuitudinal  Sectioxs  of  the  Posterior  Part  of 
THE  Rectum,  the  Cloaca,  and  the  Copulatory  Orijans  of  Various 
Vertebrates.  (After  Bom.)  The  relative  positions  of  the  ureter  and  vas 
deferens  are  indicated  althon^  not  fitoalad  m  the  median  line. 


A,  Crocodile ;  B,  hypothetioal  form 
extruded) ;  D,  iionotrtrnt  (pmlr  ** 

hi,  connective  tiatae ;  U,  xaiaatj  h^ 
(corpus  cavemosom) ;  A,  w* 
sheath;  r,  seminal  fnmv 
urinKMnoital  oanaL 


A  and  C;  C,  Monotrcme  (pei^is 

-f  ~M»f.n]n  •  /,  fibrous  body 
i^fwrture  of  the 
as  deferens ;  it, 
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Fm.  36«.— CiNTiNiATinN  or  Kill.  36H. 

A.  Uamipiaf  (very  diogratimiAlic,  fur  roiiiimriwiii  wti)i  Yin-  .lOH.  <; ;  Ihc  uhlitor- 
aleil  oiKiiiiiij  <>f  the  urinngvnital  caiinl  inU)  tliu  it^aca  in  iiiitiiMteii  l)V  iluttoil 
linm) ;  it,  ModtHl,  {C-^otp-atii^run) ;  C.  .4/h  [Crn-tii>ilhrruA--  i"  mimt  placeiitnl 
MttiiiiiuiU   the  H|>ex   of   iht'  fwiiiH  in  not  [HiniluUiiia :   ]>,  iliiH ;  K,  IfiaiitH 


with  the  ur(;thra  of  the  penis.  The  fibroin*  body  i«  paired,  and 
Iwth  it  iind  the  waIIh  of  the  i>ciiial  urethra  aru  eoinpiMed  of 
cavcnioiw  tissue.  Iloth  ponis  and  clitoris  are  frequently  bifurcati.'d 
at  the  ajiex. 

Amongst  the  Butheria  thf.  jK'nis  of  Hodents  (Fig.  300.  »)  and 
Insectivores  coiiich  iioarest  to  that  of  Miirsiipitds.  The  pairwl 
fibrous  biKly  [ayrpiiit  cierrwisinti)  bifurcates  proxiiuidly  to  fonii  two 
cnim,  whieh  arc  nearly  alwayH  attiichcd  tn  the  isnhia.    The  opening 


ruFp, 


V  FmriiK  i)F  TiiK  Hi'MAN  I'ksis.     (In  tmiiKVcnw 

lUTOHW   (IK    A    MdNKBV    ((VfoH  r<l/*nCIIIHj'). 

,  klbuginea  peiiix ;  J',  allmginca  urethra.' ;  (.V;i,  cormia  (KvcmoHuiii ;  Crw, 
corpus  KpongiiiHiiiii,  whiuh  givuH  riHo  to  the  ^axa  pcniH  at  Oji,  ami  furtni  aii 
oval  eiilarKeiiiviit  {ImlhiiH)  at  H;  VAi.  uhlorio,  with  it*  vtntral  furruw  \R), 
glariB  (f.'r|,  anil  jirepiU'O  (/'/');  "'.  "/',  cnira  of  tbo  iijrtHira  cavumosH ;  S,  ' 
HUlcus  domatiM  [K'tiiH  ;  .s>,  Rupliim  iKtwucn  thv  two  cor]K>ra  (.tivunioy. 


of  the  peuis-sheiith  gnulualiy  becomes  further  se|Minited  frtiiii  the 
aiiuM,  and  is  aituatetl  more  on  the  ventral  side  of  the  body  (cf.  ii 
and  c),  the  j>eiiis  itsi'lf  lyinj^  horizontally  along  the  abdomen. 
In  Priniate-H  the  organ  bueonu-s  mun.'  or  less  free  fnun  the  bwiy- 
wall,  and  either  its  diatnl  end  (Apes,  c),  or  the  whole  of  it  (Man,  D), 
is  pen<hiIous,  and  the  sheath  forms  a  double  tube-like  investment 
over  the  glaiis — the  tbreskin  or  /(/'■^wei,  enclosing  selwiccoiis 
(preputial)  glands. 

In  the  course  of  development,  the  penis  of  Marsupiivls  and 
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Placental  Mammals  passes  through  stages  which  resemble  succes- 
sively those  which  are  permanent  in  Crocodiles  and  Chelonians 
and  in  Monotremes.  ,  It  arises  from  a  "  genital  prominence  "  on  the 
ventral  wall  of  the  cloaca.  A  channel  passes  along  the  border 
facing  the  cloaca  to  the  opening  of  the  urinogenital  sinus:  this 
condition  is  usually  retained  throughout  life  in  the  case  of  the 
clitoris,  while  in  the  male  (and  occasionally  in  the  female  also^) 
the  groove  becomes  closed  to  form  a  canal  continuous  with 
the  urinogenital  canal  or  urethra,  which  is  thus  considerably 
lengthened.  In  addition  to  the  paired,  erectile  corpora  cavernosa 
there  is  a  median  caijrus  spongiosum  or  corpus  caverfiosum  urethrce 
in  connection  with  the  penis  (Fig.  370) :  corpora  cavernosa  are  also 
present  in  the  clitoris,  and  the  corpus  spongiosum  is  represented 
by  the  so-called  hilbi  vestihuli  of  the  vulva. 

In  many  Mammals  a  bone  {os  penis)  becomes  developed  in 
the  septum  between  the  corpora  cavernosa  {e.g,  many  Monkeys, 
Rodents,  Bats,  Carnivores,  Whales,  Lemurs,  Apes).  In  some  there 
is  also  a  bone  or  cartilage  in  the  clitoris.  The  penis  may  bear 
horny  papillan  and  even  calcified  plates  and  spines  {e.g,  certain 
Rodents),  and  the  glans  is  provided  with  a  special  kind  of  tactile 
corpuscles. 

(For  the  glands  of  the  external  genital  organs,  cf  p.  484). 


Adrenal  Bodies- 

The  adrenals  are  so  called  owing  to  the  fact  that  they  are 
usually  situated  in  close  proximity  to  the  kidneys,  right  and  left 
of  the  vertebral  column.  Hence  they  are  usually  treated  of  in 
connection  with  the  urinogenital  organs — a  procedure  which  is 
only  justified  by  the  difficulty  of  knowing  in  what  other  connection 
to  describe  them  :  they  have  no  organic  or  genetic  relation  to 
these  organs. 

Both  morphologically  and  developmen tally  the  adrenals  consist 
of  two  distinct  parts,  one  of  which  arises  from  the  coelomic 
epithelium  and  the  other  in  connection  with  the  rudiments  of  the 
sympathetic  nervous  system  ;  thus  both  mesoderm  and  ectoderm 
take  part  in  their  formation. 

The  constituents  formed  from  the  splanchnopleuric  coelomic 
epithelium  onginate  in  the  form  of  numerous  epithelial  buds  or 
ridges  at  the  dorsal  margin  of  the  base  of  the  mesentery,  which 

^  The  formation  of  a  complete  canal  in  the  clitoris  (e  g.  in  many  Inacctivores, 
Rodents,  and  Lemurs)  results  in  an  entire  separation  of  the  urethra  from  the 
urinogenital  canal,  so  that  the  latter  is  no  longer  concerned  with  the  passage  of 
the  urine. 

-  The  term  adrenal  Ixxly  is  here  used  to  include  the  two  primarily  distinct 
iiiterrenal  and  suprarenal  organs  as  described  in  the  text,  so  as  to  prevent  the 
confusion  arising  by  the  use  of  "adrenal"  and  "suprarenal"  as  synonymous 
tenns. 
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may  extend  along  the  whole  trunk  and  are  primarily  bilaterally 
symmetrical :  they  constitute  the  bodies  which  in  the  lower 
Vertebrates  are  known  as  the  inteiTcnal  organ,  and  in  higher  forms 
(Mammals)  correspond  to  the  so-called  cortex  of  the  adrenals. 
The  ectodermic  portion  arises  at  an  early  stage  from  the  un- 
differentiated rudiments  of  the  sympathetic  ganglia  (or  from 
these  and  the  chromaffin  cells,  cf  p.  247),  and  in  lower  Verte- 
brates the  resulting  structures  are  spoken  of  as  the  stcprareval 
organ,  which  corresponds  to  the  medulla  of  the  adrenal  in  Mammals. 
The  original  distmction  of  these  two  components  is  plainly 
retained  m  the  lower  Vertebrates  throughout  life,  their  union  in 
the  higher  types  being  of  a  secondary  nature. 

Amongst  Cycloitomei,  the  interrenal  organ  consists  in  the 
Lampreys  of  small  clusters  of  epithelial  cells  along  the  cardinal 
veins,  into  the  walls  of  which  they  extend  as  far  as  the  lining 
epithelium ;  they  are  most  inarkedly  aggregated  in  the  fatty 
tissue  lying  between  these  veins  and  the  aorta,  and  are  also  present 
along  the  renal  vessels.  The  suprarenal  organ  also  consists  of 
epithelial  tissue  the  constituents  of  which  have  the  characteristics 
of  chromaffin  cells :  it  extends  along  the  parietal  arteries  arising 
from  the  aorta,  following  their  dorsal  and  ventral  branches  in  the 
body-walls,  and  also  occurs  between  the  aorta  and  cardinal  vein 
of  either  side,  extending  into  the  walls  of  the  latter.  The  groups 
of  these  cells  may  give  rise  to  clusters  {e.g.  on  the  sinus  venosus) 
resembling  those  of  Elasmobranchs  and  Amphibians ;  and  in  many 
places  elements  of  the  interrenal  organ  may  occur  amongst  them, 
without,  however,  uniting  with  them.  Both  interrenal  and 
suprarenal  extend  into  the  tail,  mainly  along  the  caudal  artery 
and  vein.  In  the  head  the  suprarenal  alone  is  present,  and  is 
situated  along  the  jugular  and  parietal  vessels,  while  in  the 
neighbourhood  of  the  prunephric  rudiments  the  interrenal  alone 
is  found. 

In  Elasmobranchi  the  two  constituents  also  remain  perfectly 
distinct  (Figs.  371  and  372).  The  suprarenals  extend  along  the 
whole  body-cavity,  and  in  Acanthias,  Mustelus,  and  Galeus  occur 
regularly  in  every  segment,  while  in  others  a  fusion  may  take  place 
in  many  parts,  resulting  in  an  apparent  reduction  in  number 
(Rays).  Their  connection  with  the  synipathetic  ganglia  is  a  very 
intimate  one.  The  fully-formed  interrenal  bodies  consist  of  more 
or  less  distinctly  paired  mtisses  composed  of  cellular  tubes  or  cords 
and  of  blood-vessels,  and  may  be  connected  with  one  another 
in  a  longitudinal  direction  and  also  left  and  right.  Fatty 
particles  enclosed  within  the  cells  give  the  organ  a  yellowish 
colour. 

In  Teleosts  the  suprarenals  and  interrenals  are  usually  inter- 
spersed amongst  one  another,  and  lymphoid  cells  always  occur  in 
their  neighbourhood.  The  suprarenals  are  related  to  the  walls  of 
the  cardinal  veins — especially  the  larger,  right  cardinal — and  are 
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Fig.  371. — Diagram  of  the  Supra- 
RKNAL  Organ  of  Torpedo  mar- 
morata.     (After  E.  Grynfeldt.) 

a^Oy  anterior  part  of  the  aorta  and 
its  branches  ;  a.ax,  axilhiry  (sub- 
cLivian)  artery ;  h.dj  dorsal,  and 
r.f/,  ventral  branches;  c.«,  supra- 
renal bodies. 


Fig.  372.— Interrknal  and  Supra- 
renal Organs  of  SQirAUD^E.  A, 
Miisfelus  Ittvis ;  B,  CeiUrina  vul- 
jtecula,     (After  E.  Orynfeldt.) 

ao,  aorta  ;  a.axy  axillary  (subclavian) 
artery ;  6.c.j«,  outer  margin  of  car- 
dinal sinus ;  c.dXy  the  so-called 
** axillary  body";  c.i,  interrenal 
bodies ;  c./j,  suprarenal  bodies ;  r, 
kidney. 


most  numerous  along  its  anterior  portion,  projecting  into  the 
lumen  of  the  vessel  so  as  only  to  be  covered  by  its  lining 
epithelium.     Their  connection  with  the  sympathetic  cannot,  at  any 
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rate  in  most  ci\ses,  be  traced  in  the  adult.  The  interrenals  are  of 
varied  size  and  of  a  whitish  or  yellowish  colour:  they  occur,  enclosed 
in  fibrous  capsules,  sometimes  on  the  dorsal  and  sometimes  on  the 
ventral  surface  of  the  kidney,  usually  at  its  middle  or  posterior 
third,  more  or  less  embedded  in  its  substance.  They  are  usually 
})aired,  but  rarely  symmetrical  on  either  side. 

Amongst  Oanoids,  the  suprarenals  of  Sturgeons  are  situated 
on  the  median  side  of  the  airdinal  veins  and  on  the  revehent  veins 
of  the  mesonephros:  like  the  interrenals,  they  show  many  points 
of  similarity  to  the  corresponding  organs  in  Teleosts. 

Amongst  Dipnoans,  the  suprarenals  of  Protopterus  are  closely 
related  to  the  intercostiU  arteries  all  along  the  trunk-region,  and 
have  a  paired  and  segmental  arrangement.  On  the  anterior  part 
of  the  cardinal  and  postcaval  vein  cnromaffin  cells  also  occur. 

In  Amphibians,  the  interrenal  and  suprarenal  organs  become 
united  to  fonn  a  comj[)ound  adrenal  body.  In  the  Myctodera,  the 
main  mass  of  the  adrenal  lies  on  the  inner  border  of  the  kidney, 
from  which  it  is  plainly  distinguishable  by  its  yellow  colour.  It 
fonns  a  band  consisting  of  irregular  lobes  extending  straight 
backwards  all  along  the  mesonephros,  being  most  strongly 
developed  at  the  middle  part  of  the  latter.  Here,  again,  it  is 
intimately  related  as  regards  position  with  the  revehent  renal 
veins,  and  often  also  with  the  postcaval  and  cardinal.  In  Anurans, 
the  adrenal  is  usually  situated  on  the  ventral  side  of  the  kidney, 
and  more  or  less  towards  its  outer  border,  but  reaching  to  its 
posterior  end,  and  appearing  like  an  irregular,  yellow  streak,  the 
lobules  of  which  follow  closely  the  course  of  the  revehent  renal 
veins,  around  which  they  form  a  branched  network :  frequently 
certain  of  the  lobules  come  into  relation  with  the  ventral  wall  of 
the  postcaval. 

In  the  Amniota,  the  restriction  of  the  adrenals  to  more 
definite  and  localised  regions  is  ciirried  considerably  further  than 
in  the  Amphibia.  They  consist  of  a  more  unifonn  and  circum- 
scribed mass  on  either  side  in  which  both  intenenal  and  supra- 
renal substances  are  included. 

In  the  Sauropsida,  the  adrenals  are  met  with  in  the  form  of 
elongated  yellow  areas,  with  smooth  or  lobed  borders,  in  the 
immediate  neighbourhood  of  the  gonads.  In  Mammals,  at  a 
certain  period  of  development  of  which  (especially  in  Man, 
Fig.  348,  b)  they  are  relatively  voluminous,  the  adrenals  are  situated 
near  the  kidneys,  and  the  name  of  the  organ  is  due  to  this  fact. 
As  in  all  other  Vertebrates,  these  structures  are  closely  related  as 
regards  position  to  the  great  vascular  tnmks  of  the  body-cavity. 

Although  the  two  components  are  united  in  the  adrenal  of 
Amniota,  in  the  Sauropsida  the  relation  of  the  one  to  the  other  is 
not  of  the  regular  and  characteristic  kind  seen  in  Manmials,  but 
there  seems  to  be  an  irregular  mingling  of  both  elements.  In 
Mammals,  on  the  other  hand,  as  already  mentioned,  the  interrenal 
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forms  the  cortical  substance  enclosing  the  suprarenal  portion 
or  medulla,  with  its  chromaflfin  tissue,^  and  the  whole  organ 
is  richly  supplied  with  pigment,  lymph-vessels,  and  blood- 
vessels, although  it  possesses  no  portal  system,  as  in  Amphibia  and 
Sauropsida.  As  regards  form,  there  is  considerable  variation  in 
the  Mammalian  adrenals ;  they  may  be  compact  and  smooth,  or 
more  or  less  lobed,  and  are  usually  asymmetrical  in  position. 

Physiological  experiments  on  the  adrenals  indicate  that  they 
are  of  great  functional  importance,  and  the  two  chief  theories  with 
regard  to  them  are  briefly  as  follows.  The  medullary  portion  is 
said  to  be  a  gland  with  "  internal  secretion,"  and  to  give  ofiF  into 
the  blood  a  substance  (adrenalin)  which  reacts  on  the  muscular 
contraction  of  the  heart  and  blood-vessels,  and  increases  the  blood- 
pressure.  On  the  other  hand,  there  is  some  evidence  that  the 
cortex  takes  part  in  the  manufacture  of  a  substance  which  is 
passed  directly  or  indirectly  into  the  blood-stream,  and  which 
destroys  the  useless  or  harmful  products  of  destructive  metabolism. 
Future  researches  must  show  whether  and  to  what  extent  the 
theory  of  "  internal  secretion "  or  of  "  auto-intoxication "  is 
universally  applicable. 

^  So-called  "accessory  suprarenals,"  consisting  of  nests  of  chromaffin  cells, 
are  found  in  all  Vertebrates  in  relation  with  the  sympathetic  system  and  blood- 
vessels. 
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Ami'IIIoxts  : — Segmentation  of  ovum,  5  ; 
development  of  bo<ly-cavity,  8 ;  in- 
tegument, 17;  notochorcl,  47 ;  branchial 
Bkeleton,  84 ;  lateral  or  metapleural 
folds,  137;  mu8cle«,  179;  central 
nervous  system,  195,204;  nerves,  233; 
HensivorgHns,  250,  259  ;  **  eyes,"  277  ; 
oral  hood  and  mouth,  312  ;  endostyle, 
331  ;  alimentary  canal,  335;  histology 
of  mucous  membrane,  344  ;  liver,  34(5 ; 
gills,  352 ;  blood-vessels  and  corpuscles, 
•^3,  414,  419  ;  urinary  organs,  452 ; 
genital  organs,  403 

Cyclostomks  : — Segmentation  of  ovum, 
5;  int4;gument,  18;  vertebral  column, 
48;  skull  and  branchial  skeleton,  84; 
m(Mlian  tins,  130;  muscles,  179,  187; 
brain-membranes,  195 ;  spinal  cord, 
198;  brain,  204;  spinal  nerves,  233; 
cerebral  nerves,  234  ;  sympathetic, 
248  ;  sense-organs  of  the  integument, 
250 ;  olfactory  organ,  259  ;  eye,  278  ; 
retina,  284 ;  auditory  organ,  295 ; 
oral  hoo<l  ami  mouth,  312 ;  horny  teeth, 
315;  tongue,  327;  thyroid,  332;  ali- 
mentary  canal,  335  ;  histology  of 
mucous  membrane,  344 ;  liver,  346 ; 
imncreas,  348 ;  gills,  352 ;  genital  pores, 
389 :  bloo<l  corpuscles,  394  ;  heart  and 
main  vessels,  4<J();  arteries,  414  ;  veins, 
419 ;  urinary  organs,  452 ;  genital 
organs,  463  ;  adrenal  bodies,  493 

FisnF>* ;— Segmentation  of  ovum,  5  ;  in- 
tegument, 18  ;  exoskeleton,  39  ;  ver- 
t4;bral  column,  48  ;  ribs,  63  ;  skull  and 
visceral  arches,  87  ;  unpaireil  fins,  136  ; 
paired  fins,  137;  pectoral  arch,  140; 
pelvic  arch,  145 ;  paired  fins,  155 ; 
parietal  muscles,  179  ;  muscles  of  the 
appendages,  185;  visceral  muscles, 
187  ;  electric  organs,  190  ;  brain  mem- 
branes, 195  ;  spinal  cord,  198  ;  brain, 
2<.)8 :  spinal  nerves,  233 ;  cerebral  nerves, 
2,'U  ;  sympathetic,  248  ;  sense-organs 
of  the  integument,  250;  olfactory  or- 
gan, 261  ;  eye,  279 ;  retina,  284 ;  eye- 
muscles  and  eyelids,  286,  287;  auditory 
organ,  295 ;  relations  of  auditory  organ 


with  air-bladder,  297;  teeth,  314; 
tongue,  327 ;  thyroid,  332  ;  thymus, 
333 ;  alimentary  canal,  335  ;  histology 
of  mucous  membrane,  344  ;  liver,  346  ; 
pancreas,  348 ;  gills,  355 ;  swim-bladder, 
361  ;  lungs,  377  ;  c(elome,  388  ;  ab- 
dominal and  genital  pores,  390  ;  blood- 
corpuscles,  3^4  ;  heart  and  main  ves- 
sels, 4(K) ;  arteries,  414  ;  veins,  419 ; 
retia  mirabilia,  431 ;  lymphatic  system, 
432 ;  spleen,  435 ;  nutrition  of  embryo, 
436 ;  urinary  organs,  452 ;  genital 
organs,  463 ;  claspers,  486  ;  adrenal 
bodies,  493 

Amphibians  : — Segmentation  of  ovum, 
5  ;  integument,  20 ;  exoskeleton,  42 ; 
vertebral  column,  54 ;  ribs,  66 ;  sternum, 
70  ;  skull  and  visceral  arches,  97  ;  un- 
paired fins,  137  ;  pectoral  arch,  141 ; 
pelvic  arch,  146 ;  limbs,  161 ;  in- 
tegumentary muscles,  176 ;  parietal 
muscles,  181  ;  muscles  of  the  append- 
ages, 185 ;  visceral  muscles,  188  ;  brain- 
membranes,  195 ;  spinal  cord,  198 ; 
brain,  215;  spinal  nerves,  233;  cere- 
bral nerves,  234  ;  sympathetic,  248  ; 
sense-organs  of  the  integument,  250; 
tactile  cells,  255 ;  olfactory  orffan, 
263  ;  Jacobson's  organ,  271  ;  eye,  §81  ; 
retina,  284  ;  eye-muscles  and  eyelids, 
286,  287;  glands  of  the  eye,  288; 
auditory  organ,  297 ;  teeth,  314 ;  gUnda 
of  the  mouth,  325 ;  tongue,  328 ; 
thyroid,  332;  thymus, 333  ;  alimentary 
canal,  335 ;  histology  of  mucous  mem- 
brane, 344  ;  liver,  346 ;  pancreas,  348  ; 
gills,  358 ;  air-tubes  and  larynx,  366 ; 
lungs,  377  ;  ccelome,  388  ;  blood  cor- 
puscles, 394 ;  heart  and  main  vessels, 
403;  arteries,  414;  veins,  426;  lym- 
phatic system,  432 ;  spleen,  435  ;  nu- 
trition of  embryo,  437  ;  urinary  organs, 
455 ;  genital  organs,  469 ;  copula- 
tory  organs,  487  ;  adrenal  bodies,  495 

Rkitilks  : — Segmentation  of  ovum,  6  ; 
amnion,  9 ;  integument,  23 ;  exo- 
skeleton, 42 ;  vertebral  column,  57  ; 
ribe,   67 ;    sternum,   72 ;  epistemnm, 
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44,  72 ;  skull  and  visceral  arches,  108  ; 
median  fins,  137  ;  pectoral  arch,  142  ; 
pelvic  arch,  149 ;  limbs,  163 ;  in- 
tegumentary muscles,  176 ;  parietal 
muscles,  181;  "diaphragm,  184; 
muscles  of  the  appendages,  185  ;  vis- 
ceral muscles,  189  ;  brain -membranes, 
195 ;  spinal  cord,  198 ;  brain,  220  ; 
spinal  nerves,  233 ;  cerebral  nerves, 
234  ;  sympathetic,  248 ;  end-buds,  254 ; 
tactile  cells,  255  ;  Pacinian  corpuscles, 
257  ;  olfactory  organ,  265  ;  Jacobson's 
organ,  271 ;  eye,  282  ;  retina,  284  ; 
eye-muscles  and  eyelids,  286,  287 ; 
glands  of  the  eye  288  ;  auditory  organ, 
299  ;  teeth,  316  ;  glands  of  the  mouth, 
325;  tongue,  328;  thyroid,  332; 
thymus,  333 ;  alimentary  canal,  339 ; 
histology  of  mucous  membrane,  345  ; 
liver,  346 ;  pancreas,  348  ;  air- tubes 
and  larynx,  369 ;  limgs,  379 ;  cwlome, 
388 ;  abdominal  pores,  392  ;  blood - 
corpuscles,  394 ;  heart  and  main 
vessels,  407  ;  arteries,  414 ;  veins, 
428  ;  retia  mirabilia,  431  ;  lymphatic 
system,  432 ;  spleen  435  ;  f(L'tal  mem- 
branes, 437 ;  urinary  organs,  459 ; 
genital  organs,  474  ;  copulatory  organs, 
487  ;  adrenal  bodies,  495 

Birds  : — Segmentation  of  ovum,  6, 
amnion,  9  ;  integument,  25 ;  vertebral 
column,  59 ;  ribs,  69 ;  sternum,  72 ; 
skull  and  visceral  arches,  120  ;  pectoral 
arch,  143 ;  pelvic  arch,  152 ;  limbs, 
165 ;  integumentary  muscles,  176 ; 
parietal  muscles,  182;  "diaphragm," 
184  ;  muscles  of  the  appendages,  185  ; 
brain-membranes,  195 ;  spinal  cord, 
198 ;  brain,  221  ;  spinal  nerves,  233 ; 
cerebral  nerves,  234;  sympathetic, 
248 ;  taste-buds,  254 ;  tactile  cells, 
255 ;  Pacinian  corpuscles,  257 ;  olfac- 
tory organ,  266 ;  eye,  282 ;  retina, 
284 ;  eye-muscles  and  eyelids,  286, 
287 ;  glands  of  the  eye,  288  ;  auditory 
organ,  299 ;  teeth,  316 ;  glands  of  the 
mouth,  326 ;  tongue,  329 ;  thyroid, 
332 ;  thymu^f,  333 ;  alimentary  canal, 
339 ;  histology  of  mucous  membrane, 
345 ;  liver,  346 ;  pancreas,  348  ;  air- 
tubes  and  larnyx,  370 ;  lungs  and  air- 
sacs,  382 ;  coelome,  388  ;  Wood  cor- 
puscles, 394  ;  circulation  in  embryo, 
397 ;  heart  and  main  vessels,  41 1  ; 
arteries,  414;  veins,  428;  lymphatic 
system,  432;  urinary  organs,  459; 
genital  organs,  474  ;  copulatory  organs, 
488 ;  adrenal  Ixxlies,  495 

Mammai^  : — Segmentation  of  ovum,  5  ; 
amnion,  9 ;  integument,  28  ;  mannnary 
glands,  34 ;  exoskeleton,  44  ;  vertebral 
column,  60 ;  ribs,  69  ;  sternum,  72 ; 
episternum,  44,  72 ;  skull  and  visceral 


arches,  123 ;  horns,  130 ;  median  fins, 
137;  pectoral  arch,  143;  pelvic  arch,  154 
limbs,    168 ;    integumentary   muscles 
178;  parietal  nmscles,  183  ;  diaphragm 
184;  muscles  of  the  appendages,  185 
visceral  muscles,  189:  brain  membranes 
195 ;   spinal   cord,    198 ;    brain,   225 
spinal   nerves,   233;   cerebral   nerves 
234 ;    sympathetic,    248 ;    taste-buds 
255 ;  tactile  cells,  255 ;  Pacinian  cor 
puscles,   257 ;    olfactory  organ,   267 
Jacobson's    organ,     271 ;     eye,     283 
retina,  284;  eye-muscles  ana  eyelids 
286,   287;    glands  of    the  eye,   288, 
auditory    organ,    301  ;    histology    of 
cochlea,   304;  lips,   312;   teeth,  318 
glands   of    the   mouth,   327 ;   tongue 
329  ;  thyroid,  332  ;  thymus,  333 ;  ali 
mentary    canal,     341 ;     histology    of 
mucous  membrane,   345 ;   liver,   346 
pancreas,  348 ;   air- tubes  and  larynx 
371 ;  lungs,  387  ;  ccelome,  388 ;  blood 
corpuscles,  394 ;  heart  and  main  vessels, 
411;  arteries,  414;  veins,  428;  retia 
mirabilia,  431 ;  lymphatic  system,  432 
spleen,  435  ;  tonsils,  436  ;  foetal  mem 
branes,    438;     urinary    organs,    461  , 
genital  organs,  477  ;    accessory  genital 
glands,  484 ;   copulatory  organs,  488 
adrenal  bodies,  495 


Abdominal  pores,  389 

Abomasum,  341 

Acetabular  bone,  153,  154 

Acetabulum,  150 

Achromatin,  3 

Acrania,  14 

Acrocoracoid  process,  143 

Acrodont  dentition,  316 

Acromion,  144 

Actinotrichia,  137 

Adenoid  tissue,  435 

Adrenal  bodies,  492-496 

Adrenalin,  496 

Air-bladder,  351 

Air-sacs  of  Birds,  382 

Air-tubes,  364 

Alimentary  canal,  308-346 
appendages  of,  346-350 
mucous  membrane  of,  344 

Allantoic,  9,  336,  431,  437 

AUostoses,  79 

Alveoli,  316 
of  lung,  364 

Amnion,  9,  437 

Amniota,  9 

Amphic(jelous  vertebrae,  52 

Amphistylic  skull,  88 

Ampulla  of  ear,  292 

AmpuUary  tubes,  253 

Anal  vesicles,  476 

Anamnia,  9 
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AimpopliyHeH,  62 

AnnuluH  tyin[>ani(;uH,  UMi 

AiKiflniatic,  269 

Antibmchium,  160 

Antlerrt.  MH) 

Aims,  a08 

Aortic  arChcH,  308-414 

AponeiiroACH,  I7i) 

AponeuroeiH,  pulmonary,  382 

Ap}>eiulageH,  13 

Appendicen  auricula*,  400 

Apteria,  28 

Aqueduct  of  Sylvius,  204 

AqucductUB  cochlea^,  304 

Arachnoid,  196 

Arachnoid  fluid,  198 

Archenteron,  6 

ArchcH,  neural  and  hscmal,  47 

pleural,  63 
Archinephric  duct,  443 
Archipterygium,  137 
Arcualia,  47 
Argentea,  280 
ArrectoreH  pilorum,  of  Mammals,  33 

plumaruni,  of  HirdH,  2*5 
Arterial  arches,  398-414 
Arteries,  393  399,  414-419 
Artio«lactvle  foot.  171 
Arytenoicl  cartilages,  367 
AHterospondylic  vertebra,  51 
AHtragaluH,  161 
Atlas  of  Reptiles,  57,  58;  of  Binlei,  59; 

of  Mammals,  62 
Atrial  chamber  of  Amphioxus,  352 
Auditory  capsule,  77 

organ,    290  307:    development    of, 
290 ;  relation  to  air-bladder,  297 

ossicles,  i;«,  295,  303 
Auricula,  295 
Auto-intoxication,  496 
Autostoses,  80 
Autostylic  skull,  88 
Axis,  58,  59,  62 
Axis-tibre,  193 


B 


**  lUlancers"  of  Urcxloles,  271,  361 

llalcen,  31 

liarbiccls,  27 

Barlw,  26 

Harbules,  26 

l^salia,  155 

liasal  plate,  77 

Basal  piocesses  of  vertebral  column,  49 

Basidorsals,  49 

Basihyal,  81 

Basilar  membrane,  298 

Basipterygia,  KW,  138,  155 

l^isiventrals,  50 

Bicuspid  valve,  41 1 

Bidder  8  organ,  472 

Bile-duct,  348 

Biserial  lin,  137,  157 

Blaatoccele,  4 


Blastoderm,  5 
Blastomeres,  4 
Blastopore,  6,  308 
Blastosphere,  4 
Blastula,  4 
Blood,  394 

coi'puBclos,  394 

vessels,  393 
Bo<lie8  of  vertebra),  47 
Body-axis,  13 
Body-cavity,  8,  12,  76,  388 
Bones,  cartilage,  45 

dermal,  41,  42 

epi neural,  65 

epipleural,  65 

intermuscular,  65,  42,  67,  172 

investing,  45 

membrane,  45 

replacing,  45 
Bowman's  capsule,  445 
Brachial  swelling,  198 
Braohium,  160 
Brain,  development,  195 

membranes,  195 

general  structure,  199 

pallium,  200 

convolutions,  201,  225 

optic  vesicles,  201 

epiphysis,  202,  215 

hypophysis,  202 

ventricles.  195,  203 

saccus  vasoulosus,  203,  210 
Brain-case,  75 
Branchiw,  310,  351 
Branchial  arches,  75,  81,  100 
Branchial  basket  of  Cyclostomes,  86 
Branchial  clefts,  75,  352-359 
Branchiostegal  membrane  and  rays^  90, 

95 
Breast- bone,  12 
Bronchi,  362  387 
Bronchioli,  382 
Bulbi  vestibuli,  492 
Bulbus  arteriosus,  395 
Bulla  tympani,  130 
Bunodont  teetli,  321 
Burr,  130 
Bursa  entiana,  335 

Fabricii,  340 

C 

Cjvcum,  311,   336,  339 
Calamus,  26 
Calcaneal  process,  165 
Calcaneum,  161 
Calcareous  IkkUos,  298 
Calyces  of  ui^eter,  461 
Campanula  Halleri,  279 
Camptotrichia,  137 
Canalis  reuniens,  299 
Cannon-bone,  171 
Capillaries,  393 
Capitulum,  68,  69 
Carapace,  43 
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Carotid  labyrinth,  406 
Carpalia,  161 
Carponieteu^arpus,  167 
Carpus,  160 
Cartilage  bones,  45 
Cauda  e(|uina,  198 
Cavnim  aorticum,  404 

endolymphaticum,  291 
penlymphaticum,  291 
pulmonale,  404 
Cement  of  teeth,  314 
Centra,  47 

chordal  and  perichordal,  47 
Central  canal,  195 
Central  nervous  system,  12,  195 
Centrale,  161 
Centrosome,  3 
Ceratotrichia,  137 
Cerebellum,  200 
Cerebral  flexure,  204 
hemispheres,  200 
nerves,  234 
vesicles,  199 
Cerebro-spinal  cavity,  12 
Cheek-pouches,  312 
Cheiropterygium,  159 
Chevron  bones,  58,  62 
Chiasma  optic,  273 
trochlearc,  237 
Choanffi,  259 
Chondrocranium,  76,  87 
Chondrodentin,  486 
Chorda  dorsalis,  45 
Chordae  tendinea;,  411 
Choriocapillaris,  280,  283 
Chorion,  438 
Choroid,    275 
fissure,    273 
"gland,"  280 
plexus,  197,  205 
Chromatin,  3 

Chromatophores,  17,  22,  25 
alia,  17,  18,  20,  195,  259,  263,  332,  344, 

443,  359,  364,  443 
Ciliary  folds  and  muscles,  275 
Circulation  (fcetal).  395 
Cist«ma  chyli,  433 
Claspers,  156,  465,  486 
Classification  of  Vertebrates,  13,  14 
Clavicle,  71,  141 
Claws,  17,  22,  25,  31,  167 
Cleithrum,  142 
Clitoris,  480,  487 
Cloaca,  310,  336,  339,  341,  344 
Coccyx,  63 
Cochlea,   290,   299,   301  ;    histology    of, 

304,  305 
Ccelome,  8,  12,  338 

cranial,  76 
Coenogenetic,  1 
Colliculus  seminalis,  483 
Colon,  311,  344 

Columella auris,  98.  105,  111,  115,  295 
Commissures  of  brain,  201 
♦'  Cone  "  or  "Cushion  "  of  Reptiles,  282 


Coni  vasculosi,  483 

Conjunctiva,  276,  287 

Constriction  of  notochord,  50,  51,  52 

Con  us  arteriosus,  395 

Copula,  81 

Copulatory  organs,  486-492 

Coracoid,  70,  141 

process  in  Mammals,  143 
Coraco-sternum,  70 
Corium,  17 
Cornea,  276 
Corona  radiata,  226 
Coronary  vessels,  405,  410,  428 
Corpora  adiposa,  435,   474 

bigemina,  200,  228 

cavernosa,  491 
Corpus  callosum,  201,  226 

Highmori,  483 

luteum,  451 

spongiosum,  492 

sterni,  73 

striatum,  200,  228 
Corpuscles,  of  blood,  394 
Costa;  fluctuantes,  69 
Crampton's  muscle,  282 
Cranial  rib  of  Dipnoi,  95 
Craniata,  14 
Cranium,  75 
Cribriform  plate,  129 
Cricoid  cartilage,  367 
Crista  acustica,  292 
Oop,  339 

Crura  cerebri,  200,  229 
Crus,  160 
Ctenoid  scales,  41 
Cuboid,  170 
Cuticula  dentis,  314 
Cutis,  17 
Cycloid  scales.  41 
Cyclospondvlic  vetebra,  51 
Cystic  duct',  348 

D 

Decidua,  439 

Delamination,  6 

Dental  formula,  324 

lamina  and  papillae,  313 

Denticles,  dermal,  39 

Dentine,  39,  314 

Dentition,  milk,  319 

Dermal  fin-rays,  136 
skeleton,  39 

Derm,  17 

Dermotrichia,  137 

Deuteroplasm,  3 

Development :— General,  4  ;  feathers,  25  ; 
hairs,  29 ;  teats,  35  ;  dermal  skeleton, 
40 ;  vertebral  column,  45 ;  tail  of 
fishes,  52 ;  ribs,  63 ;  sternum,  70 ; 
skull,  76;  horns,  130;  limbs,  136; 
muscles,  173 ;  electric  organs,  191  ; 
brain.  195,  199 ;  centnd  nervouB 
system,  195 ;  nerves,  232  ;  sympathetic, 
247  ;  sensory  organs,  249 ;  olfactory 
organ,  258 ;  eye,  273 ;  glands  of  eye, 
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288  ;  auditory  organ,  291) ;  alimentary 
canal,  808;   teeth,  313;  thyroid,  331  ; 
thynuia,  333  ;  alimentary  glands,  324, 
;H6,  348  ;   gillH,  351  ;  lungs,   362,  air- 
bladder,    liil  ;    air-8ao8,    385 ;    heart, 
395 ;      placenta,     4tiH  ;      urinogenital 
organs,  441  ;    genital    cells,  450  ;   ad- 
renal Uwlies,  492 
Diaphragm,  184,  :i82 
Diastema,  ^^21 
Dieneephalon,  199 

Digestion,  intra-  and  extra-cellular,  345 
1>igitigra(le,  171 
Digits,  ItiO 
Diphy cereal  tail,  52 
DiphytKlont,  314 
Dis(;oid  segmentation,  5 
Discus  proligerus,  450 
lX>rsal  fissure,  198 
Duct,  hepatic,  348,  349 

naso-lacrymal,  2ti5,  289 
naso-palatine  of  Myxinoids,  260 
pancreatic,  349 
salivary,  324 
urinogenit4il,  446 
Ductus,  Uotalli,  406 
Cuvieri,  397,  424 
endolvmphaticus,  290,  295 
ejaculatorins,  484 
perilymphaticus,  298.  304 
pneumaticus,  ^^1 
venosus,  431 
Duodenum,  31 1 
Dura  mater,  \{)i} 
vertebralis,  195 


E 
Kar,  290  307 
Ectinlerm,  5 
Kgg-cell,  2 
Electric  lobes  in  liays,  21 1 

organs,  MM) 
Embryonic  area,  9 
Enamel,  39,  314 
Enamel  organs,  313 
End-bu<ls,  254 
Endociirdium,  395 
Endochondral  Ixine,  45,  80 
End<x:ranium,  197 
Endo<lerm,  5 
Endolymph,  291 
Endorachis,  195 
Endoskeleton,  44 
Endostyle,  331 
Ensiform  process,  73 
Enteric  canal,  308 
Enteroco'le,  8 
Entoglosaal,  82 
Ependyme,  193 
Epiblast  (see  Ectoderm) 
Epiboly,  6 
Epicoracoid,  71,  144 
Flpiderm,  6,  17 
Epididymis,  445,  454,  476,  483 


Epidural  space,  196 
Epiglottis,  370,  371 
Epiphyses  of  vertebrie,  60 
Epiphysis  of  brain,  202,  215 
P'pi pubic  process,  146 
Epipubis,  147,  149,  151,  155 
Episternum,  44,  72 
Erythrocytes,  3W 
Ethmoidal  region  of  skull,  78 
Eustachian  aperture  and  tul)e,  105,  130, 
295 

valve,  413 
Exoskcleton,  39 

External  auditory  meatus,  130,  295 
Extrabranchials,  88 
Eye,  273  '285 

glands  in  connection  with,  277,  288 

muscles  of,  277,  286 
Eyelashes,  287 
Eyelids,  277,  287 
Eyes,  rudimentary,  276 


Fallopian  tube,  477 

Kalx,  197 

»'Fan"of  Birds,  282 

Fasciie,  175 

Fat-bo<lie8,  435,  474 

Fauces,  436 

Feathers,  25 

Femoral  pores  of  Lizards,  23,  487 

Femur,  160 

Fenestra  ovalis,  98,  111,  129,  298 

n>tunda,  111,  129 
Fertilisation  of  ovum,  3 
Fibula,  160 
Fibulare,  161 
Filoplumes,  27 
Filum  terminale,  198 
Fin-rays,  136,  137,  155  159 
Fins,  13 

unpairetl,  136 ;  |)aire<l,  137 
Fissure  of  Rolando,  228 
Floc<;uli,  225,  22?) 
Flumina  pilorum,  31 
Fo'tal  membranes,  436 
F'oiitanelles,  87 
Focxl-yolk,  3,  5 
Foramen,  condylar,  129 

lacerum  ant^rius,  129 

lacerum  poster i us,  129 

lacrymal,  131 

of  M(mn),  204 

opticum,  129 

ovale,  of  skull,  129  ;  of  heart,  412 

I'anizzic,  410 

rotundum,  129 
Fornix,  201,  220,  226 
Fossa  ovalis,  413 

patellaris,  283 
Fovea  centralis,  285 
Frontal  clasper,  487 
Fundus,  341 
Furcula,  143 
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GaUblatUler,  348 

Ganglia,  habonula%  201 
of  cerebral  nerves,  235 
s^pathetic,  247 

Ganoid  scales,  41 

Gartner's  duct,  481 

Gasserian  ganglion,  235 

Gastrula,  5 

Genital  cells,  development  of,  450 
ducts,  446 
organs,  463-485 

Geniculate  ganglion,  235 

Genital  pores,  390,  463 

Germinal  epithelium,  450 
layers,  5 
membrane,  4 
spot,  3 
vesicle,  3 

Gill-arches  and  clefts,  75,  81,  100 

Gills,  310,  351 

external,  352,  358 
spiracular,  88,  356 

Gill-rakers,  357 

Gill-sacs,  6,  352 

Gizzard,  339 

Glands : — ampullary,  484  ;  anal,  485 ; 
Blandin's,  329 ;  Bowman's  270  ;  Brun- 
ner's,  345;  carotid,  333,  406;  cho- 
roid, 280 ;  Cowper's,  485  ;  digestive, 
345;  eastrio,  335;  Harderian,  28S ; 
infraorbital,  327 ;  inguinal,  485 ;  in- 
tegumentary, 17,  33 ;  intermaxillary 
or  internasal,  325 ;  labial,  325 ;  lac- 
rymal,  288  ;  lingual,  325,  326  ;  lymph- 
atic, 435  ;  mammary,  34  ;  Meibomian, 
288 ;  mucus,  22 ;  multicellular  in 
skin,  20,  21  ;  "  musk,"  476  ;  (of  Croco- 
diles), 23 ;  nasal  (external  of  Birds), 
267 ;  of  Bartholini,  485 ;  of  claspers, 
19  ;  of  eye,  288 ;  of  Lieberkiihn,  345  ; 
of  Moll,  290 ;  of  mouth,  324-327  ;  of 
olfactory  mucous  membrane,  264 ; 
oviducal,  463 ;  palatine,  325  ;  paix>tid, 
327  ;  pharyngeal,  325 ;  poison,  19,  22, 
326 ;  preputial,  485,  491  ;  prostate, 
484,  485;  rectal,  336;  "salivary"  of 
Petromyzon,  324  ;  sebaceous,  29,  33 ; 
Stenson's,  270  ;  sublingual,  325,  327  ; 
submaxillary,  327  ;  sweat,  33  ;  unicel- 
lular, 20  ;  urethral,  485  ;  uropygial,  25 

Glandul«c  pterygopodii,  19,  486 

Glans  penis,  488,  492 

Glenoid  cavity,  71,  141 

Glomerulus,  443 

Glomus,  443 

Glossohyal,  82 

Glottis,  362 

Goblet-cells,  18,  265 

Gonads,  450 

Giandry's  corpuscles,  255 

Granular-cells  in  Lamprey,  19 

Gut,  post-anal,  9 

Gullet,  310 


Gymnoarian  condition  of  ovary,  466 
(Tymnokrotaphic  type  of  skull,  1 13 
Gyri,  201,  225 


H 


Hft^mal  spines,  50 
Hajmoglobin,  394 
Hiumolymph  glands,  435 
Hairs,  17,  28,  257 
Hallux,  169 

Hassal's  corpuscles,  335 
Head,  12 

cavity,  76 

fold,  9 
Heart,  400-414 
Helix,  307 
Hemi branch,  355 
Heredity,  1 
Hermaphrodite  structures,  463,  466,  472, 

477 
Heterocercal  tail,  53 
Heterocoelous  vertebrae,  59 
Heterodont  dentition,  314 
Hibernating  glands,  435 
Hilum,  461 
Hippocampal  commissure,  226 

lobe,  214 
Hippocampus,  215 

major,  227 
Histology,  2 

Holoblastic  segmentation,  5 
Holobranch,  355 
Homocercal  tail,  53 
Homodont  dentition,  314 
Hoofs,  171 
Horns,  31,  130 
Humerus,  160 
Humour,  aqueous,  276 

vitreous,  275 
Hyaloid  membrane,  284 
Hyaloplasm,  3 
Hymen,  480 
Hyoid  arch,  81 
Hyomandibular,  82 
Hyostylic,  88 
Hypapophysis,  59,  62 
Hypermastism,  37 
Hyperthelism,  37 
Hypoblast  (see  endoderm) 
Hypochorda,  47 
Hypoischiatic  process,  146 
Hypophysis,  of  brain,  202 
Hyporachis,  27 
Hypural  bones,  53 


Ichthyopsida,  14 
Ichthyopterygium,  159 
lleo-colic  valve,  311 
Ileum,  311 
Ilium,  146 
Impregnation,  3 
Incus,  133,  303 
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Iiif  raven  train,  5<) 
Infun(lit>iila  (of  lung),  3()4,  388 
Infundibulum,  20*2 
IngluvicH,  339 
Inguinal  canal,  482 
Innominate  trunk,  414 
Integument,  17-38 

sense-organs  of,  2."),  2'ii)  258 
Integumentary  muMclcH,  I'tTy 
Intercalary  pieces  of  vertebrae,  49 
Intercentra,  55,  57,  58 
Interclavicle  (see  prosternum) 
Interdorsals,  49 
Intermaxillary  ninuR,  98 
Intermedium,  161 

Intermuscular  bones,  42,  65,  67,  172 
Interneuml  plate,  49 
Interorbital  septum,  77,  112 
Interrenal  bo<lies,  492-496 
Int<;rventrals,  50 
Int^rverteliral  discs,  57,  59 
Int<;stine,  small  and  large,  310,  3.*i5 
Iridocytes,  20 
Iris,  275 

Ischial  callosities,  of  Apes,  31 
Is<;hiopubic  foramen,  149 
Ischium,  148 
Islets  of  Langerhans,  350 
Iter,  204 


Jacot>8on,  anastomosis  of,  2^M,  245 

organs  of,  271 
Jaws,  312 
Jejunum,  311 
Jugular  plate  in  (Ganoids,  89 


Karyokincsis,  3 
Ki<lney,  441  463 


K 


I^bia  maj<}ra  and  minora,  483 

Labial  cartilages,  82 

Labyrinth,  lx)ny  and  membranous,  291 

LatTymal  glands,  288 

I^voteals,  393,  433 

Lagena,  2?M) 

Lamina  <Tibrosa,  95,  129 

fusca,  275 

l)erpendi<;ularis,  129 

terminalis,  201 

spiralis  ossea,  304 
Lamina'  papyracca*,  131 
Lanugo,  31 

Laryngeal  {>ouches,  374 
Larvngo-t  radical  cluimlKT,  365,  366 
I^aryrix,  3(»2,  364 
Lateral  tin-folds,  137,  424 
Lateral  foMs,  of  eni])ryo,  9 
Lateral  line,  sensory  organs  of,  253 
Lateral  malleolus,  168 


I^ateral  plates,  of  mesoilerm,  9 

Lens,  (rrystalline,  274 

I^ptotrichia,  42,  137 

Leucmrytcs,  18,  394 

Leydig  s  cells  in  Urodeles,  20 

Linil>8,  13.  137 

Limitans  externa,  284 

Linoa  alba,  70 

Ligaments,  intervertebral,  47 

Lips,  312 

Liquor  amnii,  9 

Liver,  6,  346 

Lobi  inferiores,  210 

LumlKj-sacral  enlargement,  198 

Lung-pipes,  382 

Lungs,  6,  :i51,  361,  362,  377-388 

Lymph,  393 

hearts,  433 

sinuses,  393,  432 

vessels,  393,  432 
Lymphatic  glands,  435 

system,  432 
Lymphoid    substance    in   relation   with 
urinogenital     organs  : — of     Teloostei, 
(ianoi<lei.   Dipnoi,  455 ;  of  Amphibia, 
Heptilia,  435,  474,  476 
Lymphoid  tissue,  435 
Lyssa,  331 

M 

Microsmatic,  269 
Macula  acustica,  292 

lutoa,  285 
Malleus,  133,  303 
Malpighian  capsule,  445 
Mammary  glands,  34 

pockets,  liTy 

pouch,  35 
Mandibular  arch,  80 
Manubrium  of  sternum,  73 
Manus,  160 
Marsupial  bones,  155 

pouch,  35,  481 
Maturation,  3 
Meatus,  internal  auditory,  129 

external  auditory,  130,  295 
MeckeKs  cartilage,  81 
Me<liastinum,  389 
Medulla  oblongata,  200 
Medullary  cord,  195 

groove,  195 

sheath,  193 
Membrana  reticularis,  305 

semilunaris,  371 

tymitaniformis,  371 

tympani  (see  tympanic  membrane) 

vestilmlaris,  302 
Membrane  bones,  45 
Membrane  of  Corti,  305. 

of  Reissner,  302 
Membranous  la])vrinth,  290 
Meninges,  195 
Menis(ri  of  vert<jbne,  57,  59 
Meroblastio  segmentation,  5 
Mesencephalon,  199 
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Mesentery,  310 

Mesoblast  (see  mesoilerm) 

Mesoderm,  5 

Mesodermic  somites,  9 

Mcsonephric  duct,  446-450 

Mesonephros,  441,  445 

Mesopterygium,  140,  156 

Mesorchium,  463 

Mesovarium,  463 

Metacarpus,  160 

Metamerism  of  head  and  body,  75,  181, 

233,  237 
Metanephric  duct,  445 
Metanephros,  441,  446 
Metapleural  folds,  137 
Metapophyses,  62 
Metapterygium,  140,  155 
Metatarsus,  160 
Metencephalon,  199 
Microsmatic,  269 
Milk-dentition,  319 
Mitosis,  3 
Mitral  valve,  411 
Mixopterygium,  156,  465,  486 
Morphology,  2 
Morula,  4 
Mouth,  308 

Mucous  membrane,  344 
Miillerian  duct,  446 
Muscular  system,  173-189 
Muscles  : — cranial,  187  ;  integumentary, 
175;  involuntary,  173;  of  diaphragm, 
184  ;  of  extremities,  185  ;  of  eye,  tS6  ; 
of   feather-sacs,  25 ;   of  iris,  275  ;  of 
trunk,    179 ;    parietal,    173 ;   visceral, 
173.  187;  voluntary,  173 
Muscles,  arrectores  pili,  33 

ciliary,  275 

Crampton's,  282 

cremaster,  482 

intercostal  182 

levatorcs  costarum,  182 

masseter,  189 

mylohyoid,  188 

obliquus    externus  and    profundus, 
181,  182 

pannicuhis  carnosus,  178 

papillary,  411 

pectoralis,  182 

platysma  myoidcs,  178 

psoas,  182 

pyramidalis,  183 

rectus,  181 

sphincter  colli,  178 

stapedius,  189,  303 

sternohyoid,  173,  181,  183 

tensor  tympani,  303 

trochlear,  286 
Musk -gland  of  Crocodiles,  23 
Myelencephalon,  200 
Myelin,  193 
Myocardium,  395. 
Myocommas,  63,  179 
Myomeres,  179 
Myotonies,  9,  442 


N. 
Nails,  31,  32 
Nares  (see  Nostrils) 
Nasal  capsules,  78 
Naso-lacrymal  duct,  265,  289 
Naso-palatine  canal,  273 

duct  of  Myxine,  260 
Navicular,  170 
Neck,  12 
Neocranium,  87 
Neostoma,  203,  308 
Nophrostomes,  392,  443 
Nephrotome,  441 
Nerve-cells,  193 

eminences,  250 

fibres,  193 

lateral,  245 

phrenic,  185 

plexuses,  233 

sacs  of  Teleostomes,  253 
Nerves  : — cerebral,  234-247  ;  olfactory, 
258  ;  optic,  273  ;  oculumotor,  trochlear 
and  abducent,  2^^  ;  trigeminal,  240  ; 
facial,  242 ;  auditory,  244 ;  glosso- 
pharyngeal, 244 ;  vagus,  245 ;  spinal 
accessory,  245  ;  hypoglossal,  246 
Nerves,  spinal,  233 

spino-occipital,  231,  246 
Nervous  system,  193-249 

central,  195-230 

peripheral,  230-247 

sympathetic,  247-249 
Nervus  terminalis,  236 
Neural,  arches,  48 

plate,  49 

ridge,  232 

spines,  49 

tube,  11 
Ncuraxis,  193 
Neurenteric  canal,  195 
Neurilemma,  193 
Neurocranium,  75,  76 
Neuroglia,  193 
Neuropore,  204 
Nictitating  membrane,  287 
Nose  (external),  270 
Nostrils,  259,  261,  263,  265,  266,  270 
Notochord,  6,  11,  45 
Nuchal  plates,  of  Reptiles,  43 
Nuclear  membrane,  3 
Nucleolus,  3 
Nucleus,  3 
Nucleus  pulposuK,  60 
Nutrition,  organs  of,  308 


0 


Obturator  foranum,  145,  149 
Occipital  condyles,  97,  111,  122,  127 
Odontoblasts,  313 
Odontoid  process,  57 
(Esophageo-cutaneous  duct,  354 
(Esophagus,  310,  335 
Olecranon,  169 
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Olfactory  capsiilca,  7S 

ParotoidB,  21                                                        1 

^^M 

lolieB,  2iXf 

Parovarium.  143,  480                                         J 

organ,  258 

Pars  QceUbularis.  151                                       J 

scrolls,  2S7 

basilaris,  298                                                ■ 

tract  and  bulh.  2m 

PateUa,  172                                                        ■ 

OnK^ntum.  folds  of,  380 

Pearl-organs  of  Cyprinuida,  262        ^^_M 
Pocten.  S82                                         ^^^| 

Omoatemmn,  70 

Ontogeny,  1 

Pectineal  proDess.  152                      ^^^^M 

OoBperm,  4 

Pectoml  arch,  140                            ^^^H 

OpErculnr  bones,  90 

145                                    ^^^H 

plates,  145                                 ^^^H 

OpiHUiotHEloua  vertobrn?,  5-2 

Pehns  of  kidney,  401                       ^^^^H 

Oiitjc  cupBulM.  77 

Peuia.  487-491                                  ^^^^H 

lobes.  301) 

27                                          ^^^H 

thalftini.  201 

Pentndoctyle  limb,  )5B                    ^^^^H 

vesicles,  '201 

Pencardium,  388,  394                      ^^^^H 

Oral  cavity,  310,  312 

Perichondral  bone.  45                         ^^^^M 

Orbital  ring,  IH,  103 

Organ  of  Corti,  301 

Peridural  epace,  196                        ^^^^M 

Organa,  2 

Perilymph,  291                                      ^^H 

Ornan-Hjalems,  2 

Perimeningeal  space  and  tissue,  195                 1 

Oro-nasftl  groova,  261 

Perinituin.  4H2,  480 

09  clit«ridi8,  -492 

I'eriorbila,  276 

oloacw,  ISO 

PerisBodactyle  foot.  171 

penis.  492 

PeristalaiH.  308 

uteri.  477 

Peritoneal  canals,  of  Reptiks,  392 

Ossifioation.  centnjs  of,  80 

funnelB,'4(«i 

Osteocraniuni,  79 

Peritoneum.  308 

Otio  bones,  133.  2B5.  303 

Pes,  160 

Otolitbn,  292 

Pessulus.  371 

Ovurifln  f(.lli>..le,  4:.0 

Peycr's  patcbex.  30H.  UH 

Ovary.  430 

Pba&nges,  160 

Ovi<lui.'alglani1.4ll.t 

Oviduct.  44« 

Pharyngeul  teeth  of  Telcisls,  83,  95.  315 

Ovipositor,  4ft.'; 

Pharynx.  310 

Ovotestis.  472 

PhoaphorMCunt  orgwis  19 

Ovum,  2 

Phylogeny.  I 
Physiology.  2 

^H 

P 

Physocliati.  14,361 
PhysoBlomi.  14,  361 

^H 

Pacinian  oorpuaelM,  257 

Pia  mater,  196 

Pigment  of  skin,  17.20 

Pineal  organ,  103,  201,  209,  228 

Pala^OBKiinH,  2113 

Pinna,  295,  305 

Palate,  112.  118.  J22,  132,310 

Pisiform,  163 

Palatopterygoid.  81 
PalBlo.iuaJrat«.  81 

lltuitaiy  body,  6,  202 
sue,  261 

^H 

space.  77 

Pallium,  200 

PUicento,  allantoic,  11.  438-440 

PalpebriE.  277 

nmbilicnl,  436 -4.38 

Pnntreas,  6,  348 

PUcodes,  236 

1               PannicuUis  lulipoHUB,  33 

Plaooid  organs,  39 
Pliintigrade,  171 

oanioBus.  178 

T'upillu  (ulmla,  arni 

Plastron.  43 

Pupi11iir>'miii,.k.s,  411 

Platybasii-  type  of  skull,  77 

Pft™fhor<!<il  crtitilftues,  76 

Pleura.  389 

Parailidymis.  44j 

Plourot«ntra.  57 

Parapliysia.  200 

Pleurodont  dentition,  aia 

Parapineal  oraati,  208 
Parastemal  elementi!,  42 

Plouroneotidffi,  asymmetry  of  head,  94, 

281 

Parothyroids,  333 

Plexua  (or  tels)  c-horoidei,  107,  205 

ParieUl  foramen,  103,  112,  114,11 

0               Plica  circulares,  346                                             , 

organ,  202.  221 

timbriala,  331                                               | 

semilunaris,  288,  346                                 1 

Parorchis,  445,  464 

Plunu..  26                           J 

1 
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Pneumatic  bones,  386 
Poison-fangs,  317 
Poison-organs  of  Fishes,  19 
Polar  cells,  3 
Pollex,  169 

Polymastism  and  polythelism,  37 
Polyphyodont,  314 
Pons  Varolii,  203,  229 
Postcentra,  50 
Precentra,  50 
Prehallux,  162,  170 
Prelacteal  dentition,  319 
PrepoUex,  170 
Prepubic  process,  146 
Prepuce,  491 
Primitive  meninx,  195 

streak,  6 
Pro-aranion,  437 
Pro-atlas,  57,  62 
Processus  digitiformis,  336 

falciformis,  279 

vermiformis,  U4 
Procivlous  vertebra*,  56 
Procoracoid,  71,  141 
Proctodaeum,  6,  308 
Promontory,  of  sacrum,  62 
Pronation,  169 
Pronephric  duct,  443 
Pronephros,  441,  443 
Pronucleus,  male  and  female,  3 
Pi'opterygium,  140,  155 
Proscapula,  142 
Prostate,  484 
Prostemum,  44,  72 
Protocercal  tail,  53 
Protovertebrne,  9 
Proventriculus,  339 
Psalterium,  341 
Pseudobranch,  357 
Pseudo-electric  fishes,  190 

-turhinal,  266 
Pterygiophores,  136 
Pterycopodium  (sec  Cla«i>er) 
Pteryla^,  28 
Pubis,  148 

Puncta  lacrymalia,  289 
Pupil,  275 

Pygal  plates  of  Reptiles,  43 
Pygostyle,  60 
Pylangium,  395 
Pyloric  caeca,  336 

valve,  311 

Q 
Quadrate  cartilage,  81 


R 

Rachis,  27 

Radiale,  161 

Ratlii  of  fins,  155-159 


Radius,  160 

Rami  communicantes,  247 

Receptacula  seminis,  474 

Receptaculum  chyli,  433 

Rectrices,  27 

Rectum,  311,  336 

Remiges,  27 

Reissner's  fibres,  199 

Reproduction  of  tail  in  Lizards,  58 

Respiratory  organs,  351 

Rete  testis,  445 

Retia  mirabilia,  361,  406,  431 

Reticulum,  341 

Retina,  273,  284 

Ribs,  12,  63 

abdominal,  42,  43,  67,  70 

caudal,  of  Hatteria,  67 

cranial,  of  Dipnoi,  95 

false  and  true,  67 
Rolando,  fissure  of,  228 
Rostrum,  88 
Rumen,  341 
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Sacculi  alveolares,  388 

tSacculus,  290 

Saccus  vasculosus,  203,  210 

Sacrum,  56,  60,  62 

Sauropsida,  14 

iSavi's  vesicles,  of  Torpedo,  253 

Scala  media,  304 

tympani,  299 

vestibuli,  98,  299 
Scales,  18,  20,  22,  23,  25,  31,  39 
Scapula,  71,  141 
Scapus,  27 
Schizoc(L*le,  8 
Sclerotic,  276 

plates,  282 
Scrotal  sacs,  482 
Sccodont  teeth,  321 
Segmental  duct,  443 
Segmentation  cavity,  4 

nucleus,  3 

of  head,  75,  237 

of  oosperm,  4 
Selenodont  teeth,  321 
Semicircular  canals,  29<) 
Sense-capsules,  76 

Sense-organs  of  integument,  25,  250-258 
Sensory  organs,  249-307 
Septum  atriorum,  401,  403 

lucidum,  204 

oblique,  384 

transversum,  185 

ventricular,  408 
Serosa,  437 

Sesamoids,  170,  172,  175 
Sexual  reproduction,  3 
Shell-gland,  463 
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Ulna,  160 
Ulnare,  161 
Umbilical  conl,  440 

vesicle,  438 
Uncinate  processes,  69 
Un^ligrado,  171 
Unisenal  fin,  156 
Urachus,  440,  462 
Ureter,  445 
Urethra,  484,  492 
Urinary  bladder,  336,  458,  461,  462 

of  Fishes,  455 

organs,  441-463 
Urinogenital  organs,  441-485 
Uropygium,  25 
Urostyle,  53,  54 
Uterus,  463,  477 

masculinus,  484,  485 
Utriculus,  290 
Uvula,  310 


Vertebrates,  classification  of,  13,  14 

gradual  development  in  time  of,  16 
Vertebrarterial  canal,  62,  68,  69 

foramen,  59 
Vesicula  prostatica,  485 

seminalis,  457,  465,  469,  472,  483 
Vestibulum  oris,  312 
Vestigial  limbs,  162,  164 
Vexillum,  27 
Vibrissae,  30,  257 
Villi,  of  intestine,  346 

of  placenta,  1 1 ,  439 
Viscera,  12 
Visceral  arches,  80,  100 

tube,  11 
Vitelline  membrane,  3 
Vitello-intcstinal  duct,  9 
Vitellus,  3 

Vitreous  body  or  humour,  275 
Vocal  cords,  364,  367 

sacs  of  Aiiura,  367 
Vomero-nasal  organ,  271 
Vulva,  483 
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Wel)enan  ossicles,  297 
Wolffian  l>o<ly,  445 
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Vagina,  477 
Vacinal  caicum,  480 
Valve  of  Vieussens,  203 
Valvula  cerebelli,  211,  214,  215 
Valvula?  conniventes,  346 
Variability,  1 
Vascular  system,  393-432 
Vas  deferens,  450 

epididymitis,  483 
Vas  efferentia,  445,  454 
Veins,  393-399,  419,  431 
Velum,  352 

palati,  310 

trans versum,  200 
Vent,  308 

Ventral  fissure,  198 
Ventricles  of  brain,  195,  203 
Vermis,  229 
Vertebrai,  47 
Vertebral  column,  12,  45 
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Xiphisternum,  71 
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